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Abstract

Satellite range scheduling is a complex problem that involves scheduling satel-
lite suf)ports in which a satellite and a specific remote tracking station are assigned -

% a time window during which they communicate with each other. As the number
and complexity of satellite supports continue to increase, more pressure is placéd
on the current manual system to efficiently gencrate a schedule. The objective of
this research was to develop a methodology that will automate the generation of the
initial 24 hour schedule. [The goal of the algorithm developed was to schedule as

v many conflict free suprHLs as possible. A two phased approach was developed to
schedule the supports. The first phase scheduled as many low altitude satellite sup-
ports as possible, while the second phase scheduled as many additional high altitude
satellite supports as possii)le. For both phases, schedule generation and schedule

|

improvement algorithms were developed. Fcr low altitude satellites, the schedule
generaticn algorithm applied a mixed integer program with a linking procedure, and
the schedule improvement |algorithm was a two satellite interchange procedure. For
medinm/high altitude satellites, the schedule generation algorithm was an insertion

procedure and the schedu]i improvement algorithm was a three satellite interchange

procedure.

A schedule was generated for six representative data sets with encouraging
results. At least 91% of all satellite support requests were scheduled for each day.
These results were comparable to results of the current range schedulers and a previ-
ous automation study. Based on the results reported, the methodology presented in
this research effort seems to be a valid approach for automating the initial 24 hour

schedule.
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AUTOMATING THE SATELLITE RANGE SCHEDULING
PROCESS

I. Introduction

Overview

' Satel.lit.es and space technology have become increasingly important in the last
decade. Annﬁ{xl sales of space products in the United States have increased from ap-
proximately eight billion dollars to thirty-iwo billion dollars over the last ten years
(Asker:1991,51). The U.S. government has been a leader in space expansion as its
purchases account for 90% of all U.S. space product sales over this time period
(Asker:1991,51). Accordingly, space systems are playing a more vital role in our
national defense as the surveillance, warning, and communications capabilities of- .
fered by these systems have become more important in the mixture of U.S. defense

systems. Satellites placed in orbit to provide these capabilities generally require -

frequent contact with remote tracking stations for the transmission and receipt of =~ =

information required for mission accomplishment and continued satellite operations.

This thesis focuses on these satellite/remote tracking station contacts.

The Air Force Satellite Control Network (AFSCN) manages communications
between satellites and remote tracking stations. The AFSCN is comprised of four
majcr elements : 1) satellites, 2) Mission Control Complexes (MCCs), 3) remote
tracking stations (RTSs) and 4) Resource Control Complexes (RCCs). For the pur-
poses of this thesis, satellite refers to a man made earth orbiting vehicle. A MCC
contains the personnel that maintain operational control over the satellite and de-
termine what commands should be transmitted to the satellite. Operational control

entails planning for future satellite communications, ensuring current comrnunica-
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tion requirements are met and analyzing the data sent from the satellite. The RTSs
are located throughout the world and contain the personnel that control the equip-
~ment which communicates with the satellite. The RTSs ppovidé a necessary link
between the MCC and the satellite, enabling MCC personnel to control the satellite
. and receive information from it. The RCCs oversee the entire AFSCN and provide a
centralized location where coordination between MCC and RTS personnel can take

place. Each of the elements of the AFSCN will be discussed later in this chapter.

Satellites must transmit or receive information in a timely manner to perform
efficiently. Therefore, a scheduling process is required to determine when (the time)
and where (remote tracking station location) essential information will be transmit-
ted between a satellite and a remote tracking station. A satellite support is any
transmission of data/information between a satel]it'e and a remote tracking station.
In general, satellite range scheduling (SRS) involves scheduling satellite supports in
which a satellite and a specific remote tracking station are aésigned a time window
during which they communicate with each other. Generally, there are two require-

ments for a support to occur: 1) the satellite must be within the line of sight of the

remote tracking station and 2) the antenna at the remote tracking station must be

pointed in the direction of the satellite.

There are several different types of supi)orts. Some of the major support types
are: 1) Commanding - which tells the satellite to perform a specific function, 2)
Health and Status - which insures the satellite is operating correctly, and 3) Payload
- the satellite transmits payload data to the remote tracking station. The amount
of time reqilired for the satellite support varies depending on the type of support
required and the amount of information transferred betweer the satellite and the
RTS. An understanding of each of the components of the AFSCN will provide further

insight into the role each component plays in the scheduling process.
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Background

Satellites in the AFSCN. The following discu.ssi(.m will briefly describe the
types of satellites that are part of the AFSCN. A rﬁajority of the satellites that are
parf of the military space pfogram as well as some government sponsored satellites
are controlled through the Air Force Satellite Control Network (AFSCN). Currently,
the AFSCN controls up to 90 different satellites (Chambers, 17 June 1992). In gen-
eral, AFSCN supported satellites may be categorized by the altitude (low,medium,
or high) at which £hey orbii. In addition, the AFSCN prdvides launch support for
ballistic missiles and assent only support for launches of satellites not normally under

the control of the AFSCN.

Low altitude satellites are characterized by. near polar orbits and have or-
bital altitudes of approximately 100 to 200 nautical miles. These satellites have the
shortest pass durations (defined as the amount of time a satellite is visible from a
single point on the earth), between 2.5 and 10 minutes, and require contact with
an average of 1.5 remote tracking stations per revolution (AFSCF Training Manual
Course No. 20.3,1983:1-7) . Medium altitude satellites have an orbital inclina-
tion near 90 degrees and have orbital altitudes between 200 and 1000 nautical miles.
Medium altitude satellites have expected pass durations of 10 to 20 minutes and nor-
mally require one remote tracking staticn contact every two orbits (AFSCF Training
Manual Course No. 203,1983:1-7); High altitude satellites are characterized by
orbital altitudes in excess of 10,000 nautical miles. Orbital altitudes between 1000
and 10,000 nautical miles contain mostly space debris and therefore no satellites
in the AFSCN orbit in this altitude range. The visibility window for high altitude
satellites can range between one hour and continuous visibility. A continuously vis- |
ible satellite is always visible to at least one RTS but is not always visible to a
single RTS. The satellite support length for high altitude sateliites can vary from
five minutes to several déys. (AFSCF Training Manual Course No. 203,1983:1-7).

In addition to supporting satellite on-orbit operations, AFSCN supports ballistic
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missile launches. The network provides tracking aﬁd telemetry support for these
launches with their support times ranging between ten and thirty minutes (AFSCF
Training Manual Course No. 203,1983:1-8). The last class of satellite support is
assent only support, which entails supporting launches and assents for satellites
that are not otherwise under the control of the AFSCN (AFSCF Training Manual
Course No. 203,1983:1-8).

Mission Control Complex (MCC).  As stated earlier, a MCC contains the
personnel and equipment that maintain operational control of one or more satellite
programs and is located at a resource control complex. A satellite program contains
satellites that perform similar missions. The MCCs are responsible for providing
input to the satellite range schedulers on the support requirements for their satellites
as well as Hsfing the remote tracking stations capable of providing the requested

support.

Remote Tracking Station (RTS). The remote tracking stations are located |
throughout the world and contain the personnel and equipmént that communicate
with the satellites. There are nine RTSs located throughout the world. Five of the
RTSs can support two satellites simultaneously and one can support three satellites
simultaneously; thus, up to sixteen satellites can be supported at any one time. Be-
cause the communication path from a RTS to a satellite is Essentially line of sight,
the amount of time a sate]lite.: is visible depends on several\\ factors, with the alti-
tude, speed and position of the satellite, and the rotation of the earth being the
key factors. RTSs have several pieces of equipment necessary\to communicate with
satellites. Antenna systems are needed for tracking the position of the satellite, send-
ing information to or receiving information from the satellite| and communicating
between remote tracking stations. In fact, no communication can occur between the

satellite and the RTS until the antenna is pointed in the direction of the satellite.

Information received or sent by the antenna systems must be stored and processed by
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various computer communication systems. The equipment requirements may vury

depending on the type of support (commanding or health and status) required.

Resource Control Complezes (RCCs).  The RCCs contain both the sched-
ulers who generate the satellite support-lscheduie and the MCC personnel who es-
tablish satellite support requirements. The AFSCN has two Resource Contrpl Com-
plexes: the Consolidated Space Test Center (CETC) located at Onizuka AFB in
California and the Consolidated Space Operations Center (CSOC) located at Falcon
AFB in Colorado. The satellite support schedule for the AFSCN is developed jointly

by schedulers at both locations.

Satellite Range Scheduling Process

Overview. Developing a schedule for a single day is a two week process
that culminates in a conflict free schedule for each day. A conflict free schedule
exists when 1) no RTS is scheduled to communicate with more satellites than it
can support at any one time, and 2) each RTS has sufﬁéient setup time between
supports. Obviously; schedules for several days are being developed at the same
time. Inputs to the schedule come primarily from the MCCs and RTSs. The MCCs
provide all the required information on satellite support requirements via a weekly
program action plan (PAP). RTS personnel provide downtime information on routine
or major maintenance of the RTS. In general, the schedulers schedule from the most
restrictive supports to the least restrictive supports. For example, a very restrictive
support would be for a low altitude satellite that is visible to only one RTS for a
short time period. A very flexible support would be for a high altitude satellite
visible to several RTSs for a very long time peri.od. In general, restrictive supports
are scheduled once their time window is known and the flexible supports are shuffied

to make room for the restrictive supports.
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Previously, the schedulers at the CSTC generated the schedule‘manually and
displayed it on an 84 foot paper acquisition chart. This chart contained the entire
schedule for a one week period. The acquisition chart showed the time period and
remote track‘ing station for every scheduled satellite support as well as any addi-
tional information the scheduler required. The vertical axis of the chart represented
all the different RTSs and was divided into horizontal sections, with each section

representing 2 RTS. Time lines were shown on the horizontal axis. Pieces of colored

- tape were utilized to designate a satellite suppdrt and assigned a location on the

chart at a specific RTS and time period. The chart contained additional hand writ-

ten information such as type of support requested and any special information the
RTS or scheduler needed. Each satellite program was assigned a unique pattern of
ta;Se with each satellite in that plrogram given a different color. Non-flight supports,
sucﬁ as RTS maintenance, were assigned pieces of yellow tape and were also indi-
cated on the chart. Recently, an electronic accjuisition chart was developed as part
of the Automated Scheduling Tools for Range Operations (ASTRO) computer sys-
tem. The electronic chart displays the acquisition chart on a large screen computer
monitor. The layout and symbols used on the paper acquisition chart are replicated
on the electronic acquisition chart. The ASTRO system was specifically developed
to autornate a section of the SRS problem and includes, in addition to the electronic
acquisition chart, a database, the capability to use voice activated commands to

adjust the schedule, and comprehensive report generation capability.

The scheduling process can be divided into four primary phases: 1) construc-
tion of the “seven day” schedule, 2) development of the initial 24 hour schedule, 3)

conflict resolution, and 4) real time scheduling. Each phase of the scheduling process

is explained below.

Seven Day Schedule.  The seven day schedule construction consists of 1)
collecting all possible inputs, such as known support requirements, launch requests or

non-flight requirements (like RT'S maintenance), 2) building an initial schedule and
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3) publishing this schedule. The seven day schedule is .a schedule for one day that

is generated one week in advance and includes only satellites whose visibility and

. support requirements are known a week in advance. Therefore, usually only high

altitude satellites are included in this schedule. The satellites are then randomly
assigned support times and RTS with little time spent on minimizing conflicts. A
support, message is then printed to each MCC and RTS indicating the support times

and requirements.

Initial 24 Hour Schedule. After the sevén day schedule is completed, a
schedule Which includes ail possible satellite supports is constructed. The initial 24
hour schedule is developed to the point where coordination with MCC/RTS person-
nel is required to resolve any remaining conflicts. The construction of this schedule
is currently an iterative process. The reason for this is that the support and visi-
bility times for low altitude and other time critical satellites are not known until a
few days before the day of the support. Therefore, the schedulers start generating
a schedule with known satellite requests. Low alt?tude satellites are scheduled When
their support requirement and visibility times become known. This usually heans
adjusting the schedule to make room for the new support. The critcria for moving
satellite supports is based on the flexibility of the satellite support requirementv. The
high altitude satellite supports are usually more flexible and are commonly:moved
to make room for the low . .itude satellite supports. Therefore, the low alt.itude
satellite supports generally have scheduling priority. However, a medium or high
altitude satellite will have scheduling priority when the satellite support is mission

critical.

Additiénally, any known downtimes for the RTS must be incorporated into
the initial 24 hour schedule. RTS downtime falls into one of two general categories:
routine maintenance or major maintenance/modification. Major RTS maintenance
or modification, possibly due to equipment malfunction, renders an RTS incapable

of supporting satellite contacts. Therefore, satellite contacts cannot be scheduled
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-during these duwntimes. On the other hand, in _ome cases, the time for routine

maintenance can be rescheduled to allow satellite contacts.

Conflict Resolution Phase. The conflict resolution phase begins after all
possible supports have been scheduled. There ﬁre essentially two types of conflicts:
a visibility conflict and a ‘urnaround conflict. A visibili‘ty conflict exists when a
satellite can only be supported at times in which it’s visible RTS is scheduled to
communicate with another satellite. A turnaround conflict exists when a satellite
support cannot be scheduled due to insuffcient time for a RTS to reconfigure between
supports. Reconfiguring includes peinting the antenna at the satellite’s position and
setting up the necessary equipment for the support. In order to resolve any conflict,
the MCC, RTS or both must be contacted via telephone, given an explanation of
the conflict and presented possible alternatives. Depending on the situation, either
the MCC will adjust its support requirements or the RTS will accept a shorter
turnaround time. In a worst case scenario, the MCC may have this support canceled.
However, in all cases, the scheduler does not .esolve the conflict witnout.contacting

.either the MCC or RTS personnel. Once all conﬁicfs are resolved, a conflict free 24
hour schedule is printed and given to the MCCs. A conflict free 24 hour schedule is

required before the real time scheduling phase begins.

Real Time Scheduling.  The last phase of the scheduling pfocess, known as
real time scheduling, occurs during the day of the support and deals with any changes
after the 24 hour schedule has been published. The primary reasons for these changes
are satellite vehicle problems, remote tracking station problems, changing mission
requirements, incorrect requests by an MCC, or incorrect processing of a request
by the schedulers. According to Francis Wong, Supervisor of Planning, 21 SOPS,
up to a third of the scheduled activities can be changed between the publication
of the 24 hour schedule and implementation of the schedule (Wong, 18 June 1992).

In some instances, a “ripple effect” can be noticed. A change to one support may
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require numerous additional changes to maintain a conflict free schedule. A formal
priority systém is established for all satellite malfunctions occurring in real time. The
priority system allows schedulérs to determine how serious the malfunction is and
what satellite supports can be moved to accommodate the malfunctioni'ng satellite’s

support requirements.

Research Objective

The objective of this research is to develop an automated scheduling algorithm
that generates a feasible initial 24 hour schedule. Specifically, a scheduling algorithm
will be developed with the goé.l of rﬁaximizing the number of conflict free supports
in the schedule. This .goal is equivalent to minimizing the number of conflicts in the
schedule. This goal was established since operational schedulers have stated that no
conflict or group of conflicts is considered worse than any othef conflict. All conflicts
are treated as essentially équal since any conflict, no matter how small, requires

the scheduler to coordinate with MCC and/or RTS representatives to determine an

acceptable solution. Therefore, a schedule that minimizes the number of conflicts

will, in general, require less work to resolve the conflicts.

Assumptions. Four key assumptions were required to further define the
research effort. These assumptions were developed after discussions with satellite

range schedulers and p\ rsonrel familiar with MCC operations.

The first assumption is that the time window listed for the visibility of a
specific satellite by a specific remote tracking station is a hard constraint. Therefore,
no attempts will be made to schedule a support outside its time window. In actual
scheduling operations, satellites are occasionally scheduled outside their window after
coordination with MCC/ , TS personnel. Additionally, the turnaround time required

to reconfigure for the next support will not be altered from its stated value. Again,
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in the actual scheduling process, turnaround times are sometimes adjusted. but this

is accomplished only after consultation with the MCC and the RTS representatives.

The second assumption is that the candidate remote tracking stations for each
satellite support have the necessary equipment to successfully complete the require-
ments of the support. For example, éach remote tracking‘station wi]i have the
equipment to perform actual commanding, telemetry reception, tracking, or other

support requirements.

The third assumption is that special case scheduling requirements, such as
a required time interval between supports, will not be incorporated into the basic
model since these requirements do not occur on a regular basis. Incorporating special
request supports into the scheduling program could be an area for further research

and is discussed in the conclusions and recommendations in Chapter VI.

The final assumption is that the development of a schedule will be treated as
a static problem. A static problem is one in which the schedule is generated only
once and no uncertainty exists. Therefore, the algorithm to generate the initial 24

hour schedule will be initiated only after all inputs are received. The schedule will

" not be built iteratively, as it currently is. Additionally, all time windows, support

times, and RTS availabilities are assumed known in advance. The development of

the ASTRO system has increased the feasibility of this assumption. Previously, - - |

the schedulers iteratively updated the schedule when new support requests arrived.
With the advent. of ASTRO, the schedulers can (ideally)l wait until all requests have
arrived, run the automated scheduling program and have the schedule displayed on

the ASTRO terminal within minutes.

Document Layout

The rest of this document is structured in the following order. Chapter II ex-
amines results found in the literature on previous methods to solve the SRS problem

as well as other related solution techniques. Chapter III discusses the problem formu-
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lation for an optimal apbroach to solving the problem, while Chapter IV describes
a heuristic solution approach to the problem. Chapter V discusses the results of
testing the algorithm using real data sets. FinaLlly, Chapter VI presents conclusions

and recommendations.




II.  Literature Review
Overview

This chapter surveys the current information that exists about the satellite
range scheduling problem. This includes any previous studies in this area or pertinent
solution methodologies.v The chapter ﬁrsi preserts an introduction to scheduling
theory and typical goals of common scheduling problems. Next, previous attempts
to solve the SRS problem are examined. Finally, any other results reporied in the

literature which are applicable to the SRS problem are discussed.

Scheduling Theory

In general, scheduling problems are concerned witn finding the sequence and
timing of activities which are 1) compatible with all given constraints and 2) optimal
with respect to some criterion of performance (French,1982:5). A schedule consists
of activities (jobs) which must be processed by machines in a specified order at a
specified time. In SRS, the activities are the satellite supports and the machines are

the remote tracking stations.

Constraints.  The sequence of activities that are scheduled often depends
upon the three primary types of constraints: technological, precedence, and resvurce
(French,1982:5,48,197). Technological constraints demand that each job be processed
through the machines in a specific order (French,1982:5). For example, if the activ-
ity is fixing a flat tire, the operation of removing the lug nuts must be performéd
prior to removing the flat tire. Technélogical constraints do not apply if the level of
scheduling detail in a given problem assumes that activities consist of a single oper-
ation. Therefore, technological constraints do not apply in this study since satellite

supports are not scheduled to multiple machines (RTSs) in a specific order.
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schedule flexibility by requiring that certain subsets of jobs be processed in a given

order (French,1982:48). A hypothetical example of this would be if at an Air Force

maintenance complex all C-141s were repaired before any C-5s were rebaired, In the

SRS problem, precedence constraints could apply if a satellite has a very.important

support that requires additional supports every “X” hours to insure that the first

support was successful. An example of this would be a satellite support that com-

mands a satellite to discharge and then recharge its battery pack. After this initial

important support, additional supports are scheduled every two hours (for example)

to monitor the battery pack.

~ Resource constraints occur when the availability 6f one or more resources is
limited (Frehch,1982:197). In many ca;s.cs, these constraints_éte the most limiting
ones. Scheduling problems where resources are the limiting factor are known as
resource constrained scheduling problems. Resource constraints can be observed in
SRS when only a few RTSs are visible to a satellite for a support. The number of
RTSs visible to a satellite (the availability of the RTS resource) is a major factor in
determining which satellite sﬁpp'orts are scheduled to a specific RTS. Generally, more
satellite supports are requested than the RTSs can fulfill. Thus, the RTS resource

availability is a limiting factor in the number of supports that can be scheduled.

Scheduling Performance Measures.  Given that a feasible schedule is possi-
ble, the goal of the scheduler is to determine an optimal schédule based on a specific
measure of effectiveness (MOE). How a schedule is generated is dependent on the
criterion of performance for that schedule. The most common scheduling goal is to
minimize the time required to complete all activities.(French,1982:12). However, for
the SRS problém, a fixed duration of 24 hours exists; therefore, the goal of mini-

mizing the time to complete ali SRS activities is not appropriate. Other common

measures of performance are to minimize the number of late jobs, minimize machine

idle time, or minimize in-process inventory costs (French,1982:13). For most large
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scale scheduling problems, identifying the measure of performance is of critical im-
portance. For SRS, the goal is to maximize the number of supports scheduled in &

24 hour time period.

Scheduling Conclusion.  For most complex scheduling problems, no general
computationally efficient solution techniques exist. In essence, scheduling problems
address two decision problems: 1) allocation of resources and 2) sequencing decisions.
Solving these problems answers two basic scheduling questions: 1) which resources
will be allocated to perform each task -and 2) when will each task be performed
(Baker,1974:5). For the SRS problem, the schedule generated should answer he
basic questions of what RTS each support is scheduled at and dﬁring what :ime
period in the day will the support occur. Finally, the selection of the approf riate
scheduling technique depends on the complexity of the problem, the nature .f the

~ model, and the choice of criterion, as well as other factors (Baker,1974:6).

IBM Study on SRS

IBM conducted the only major study to determine the feasibility of computer
generated satellite range scheduling during the 1981-1984 time period. The study
examined the feasibility of automating three of the four phases of the SRS scheduling
process ( 7-day, 24-hour and realtime scheduling). In an extensive literature review
on other attempts to automate SRS, IBM found previous studies examined only
very small problems (Arbabi,1984:57). IBM concluded large scale automation of
range scheduling was feasible and took a two pronged approach in developing its

Continuous Time Scheduling (CTS) algorithm.

CTS Algorithm Development. The two prongs of IBM’s study culminat-
ing in CTS were to examine mathematical programming approaches and existing
heuristic approaches. The mathematical programming approaches examined trans-

portation problems, mixed integer programming (MIP) approaches, and other opti-
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mization techniques (Arbabi,1984:59). A mixed integer programming approach was
formulated, and it was determined this approach was feasible for up to 50 requests,
while storage and run time requirements were unacceptable for more than 50 re-

quests (Arbabi,1984:59). The second prong consisted of developing several heuristic

* models that attempted to “duplicate” the scheduling rules utilized by the SRS sched-

ulers (Arbabi,1984:59). The steps of the CTS algorithm were not presented; only its
results were available. Therefore, the solution methodology of CTS is not exactly
known, but its stated capabilities are. Dr. Arbabi stated during a recent telephone
conversation that the specific details of the CTS methodblogy were not rele&lisable

(Arbabi, 24 July ,1992).

[BM MIP Formulation. IBM initially attempted to solve tfxe SRS problem
using an MIP approach. However, as mentioned above, this approach was not feasible
for full scale SRS problems. The IBM MIP formulation is shown below and will be
compared to the MIP formulation developed in Chapter III of this research effort.

Decision Variables & Input Parameters. The decision variables and input
parameters are defined below. Note: In the following, a request specifies the support

requirement and a segment is a time window at an RTS in which the request can be

satisfied:

i = Request Index

J = Segment Index

k = Segment Index

A; = Beginning of segment k
Bi = End of Segment k

Ci= Length‘of request on segment k
s 1 if request on k started before request on j
ik =
0 otherwise




M= largé positive constant

P = set of pairwise combinations of overlapping segments on each antenna

R; = Set of segments which service request i

Sk = Offset between the beginning of segment k and the beginning of its request
T} = turnaround time of the antenna on Segment k

Vi = Preference value for scheduling a request on Segment k.

¥ 1 if request i is scheduled at Segment k
k b

0 otherwise

Note: a request specifies the support requirement and a segment is a time window

at an RTS in which the request can be saiisfied.
Formulation

Objective Function

Mazimize ZVka v k
k

Subject to:

YoXe<1 Vi (2-1)
kER;
Ar+ S +Ci < By Vk (2—2)

A+ S +C <A+ Si~Te+ MS + M2 =X, - X)) Y jok j # k (2-3)
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Ak“l‘sk‘f;CkSAj‘l'Sj—Tj'i'M(l—6jk)+M(2"Xj"Xk) Viakj#k(2-4)

S>>0V k : (2-5

Xr € {011} ‘ ‘ (2—6)
& € {0,1} Y(j,k) € P (2-7)

(Arbabi,1984:60)

IBM Study Conclusions.  Dr. Arbabi showed impressive results for the CTS

algorithm automating all three sections of the range scheduling process. Ninety-eight

percent of all requests were scheduled in less than three minutes (Arbabi,1984:6‘2). '

However, the Air Force never implémented IBM’s range scheduling automation al-
gorithm. The reason, according to Francis Wong, Supervisory Planner, Space Op-
erations Flight, 21 SOPS, was “The proposed IBM system did not offer sufficient
flexibility with regard to assigning priorities, accounting for specific satellite and
scheduling restrictions, and accomplishing scheduling requirements within defined

time constraints.” (Wong, 29 January 1993)

* Vehicle Scheduling Approach to SRS

Solution techniques for vehicle scheduling problems were examined for their
possible application to the SRS problem. This section concentrates on an examina-

tion of the general vehicle scheduling problem, similarities between vehicle scheduling
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problems and the SRS problem, and solution techniques for vehicle scheduling prob-

lems.

Vehicle Scheduling Overview.  The general vehicle scheduling problem in-

volves scheduling a fleet of vehicles to perform tasks of pickup/delivery for various

customers while trying to minimize some measure of performance (such as cost or

distance). The scheduler must decide what tasks should be assigned to each vehicle
and in what order the tasks should be completed. Three real world constraints com-
monly determine the complexity of a vehicle scheduling problems . The restrictions

are 1) constraints on the length of time a vehicle may be in-service, 2) restrictions

that certain tasks must be serviced by specific vehicle types and 3) presence: of a vari-’

ety of depots where vehicles may be housed (Bodin,1983:119). The servxcmg of tasl\s
within specified time windows is an additional constraint that further complxcates
vehicle scheduling problems (Bodm,1983:149). Any one of these four constraints can

make large scale vehicle scheduling problems challenging to solve.

Vehicle Scheduling Problems and SRS Similarities.  There are several simi-

- larities between SRS and vehicle scheduling problems. The two primary similarities

are: 1) time window constraints, and 2) vehicle restriction types. The time window

constraint in vehicle scheduling problems is similar to the SRS requirement that
satellite sup-poirtns must occur within specified time windows. Additionally, the as-
signing of a restrictive support to a specific RTS is similar to the vehicle restriction
constraint where a specific vehicle must deliver a certain package. In SRS, for certain
classes of satellites, only a few RTSs will be visible to a satellite during a pass. For
example, a low altitude satellite may be visible to only one RTS and the satellite
must be scheduled for its support at that RTS. These similarities make solution
methodologies of some specific vehicle scheduling problems applicable to the SRS

problem.
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Vehicle Scheduling Problem Solution Methodologies. Vehicle scheduling
probléms are usually solved one of two ways: 1) a network flow approach (Bodin,1983:129)
or 2) a heuristic approach (Solorﬁon,1987:254). For vehicle scheduiing problems with
time window constraints, the ﬁetwork flow approach ié generally not applicable.

Therefore, only the heuristic abproaches will be examined in more detail.

~ Heuristic Approaches.  For the vehicle routing and scheduling prob-

‘lem with time windows (VRSPTW), heuristic approaches offer the most promise for

| practical size problems (Solomon,1987:254). Vehicle scheduling problems with time
window constraints occur frequently with business orgahizations that work on fixed
time schedules. Most of the a.lgbrithms developedb for VRSPTW are extensions of
vehicle routing problem algorithms that include the time element in the algorithm
methodology (Solomon,1987:255). In his article, Solomon compared the performance
of several heuristics under varied conditions to determine the best pgfforming heuris-
tic.

' The primary heuristics Solomon compared were insertio heu;istics. An inser-
tion heuristic sequentially builds a schedule by inserting an unscheduled customer
into the schedule based on some measure of performar.ce. An i serfion heuristic will

. insért one customer at a time into the schedule by searching ithe feasible locations
: \

, vyithin the schedule and selecting the location that optimizes the measure of perfor-
mance. This process is repeated until no additional customers can be scheduled. The
measure of performance for insertion can vary from problem to problem, but common
measures of performance include: 1) minimize the distance from nearest scheduled
customer (nearest neighbor), 2) arbitrarily selecting an insertion locétion, and 3) the
“cheapest” insertion based on a selected cost value (Syslo,1983:362). For VRSPTW
problems, a good insertion technique is one that minimizes the amount of time a

customer deviates from his/her desired p‘ickup/ delivery time. (Solomon,1987:257).




The results of the comparisons of algorithm performance indicate insertion

heuristics perform best for most VRSPTW problems. Solcr on stated these heuris-

tics perform best for problems with many customers per vehicle, a high density of cus-

tomers with time windows, and tight time window constrainsts (Solomon,1987:263).

The key characteristics of the SRS problem are 1) many supports per RTS, 2) a
very high percentage of supports in time windows and 3) tight support time window
constraints. These characteristics are very similar to those mentioned above, which

indicates that an insertion approach may be approprAiate for the SRS problem.

Computational Complezity

Computational problems are often classified based on their complexity. Accord-
ing to Parker, complexity theory seeks to classify problems in terms of the mathemat-
ical order of the computational vesources required to solve the problems via digital
computer algorithms (Parker and Rérdin,1982a:4). The goals of the theory are to
broadly cléssify problems and algorithms according to their convenience for solution
(Parker and Rardin,1982a:3). In complexity theory, there are two broad classes of
decision problems: 1) polynomial P and 2) nondeterministic polynomial NP, In order
to qualify for the Class P, a decision problem must actually be solvable in poiynomi¥
ally bounded time (Parker and Rérdin,1982a:8). The class N P includes all decision
problemé for which the correctness of a solution can be verified within a polynoimriél
amount of time. The hardest problem in NP are classified as NP-complete. The gen-
eral resource constrained scheduling (RCS) problem is in this/class. The only known
solution methods for NP-complete problems can take an inordinate amount of time
on the fastest computer in existence if the size of the problem is big enough. The SRS
problem is a type of resource constrained scheduling problem and we do not know of
a way to solve it that is significantly faster than for the more general RCS problem.
However, as French notes the classification of a problem as NP-complete is not suffi-

cient reason to resort to heuristic inethods. The problem must also be large enough
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that enumerative methods are computationally impractical (French,1982:156). This ",f
lends credence to the approach of first investigating optimal approaches to solving ,/'
the SRS problem. | ‘ '
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[II.  Mzized Integer Programming Approach to the SRS Problem
Model Formulation

The focus of this chapter is the formulation and solution of the Satellite Range
Scheduling (SRS) problerﬁ using mixed integer pfogxamming (MIP). The MilP ap-
proach is utilized in many scheduling applica.tion.s as a modeling technique, especially
when a possible scheduling assignment can be represented by a binary decision vari-
able. For the SRS problem, the decision variables in the MIP represent whether
or not a satellite support is scheduled at a remote tracking station (binary decisioh
variable), and, if the support is scheduled, the staft fime of this support (continuous

decision variable).

Several factors influence the number of supports that can be scheduled. The
altitude of a s‘atellite (low, medium, or high), number of candidate remote tracking
stations to which a support can be scheduled, and the support length can greatly
affect whether or not the satellite support can be scheduled. According to Ken
Chambers, technical advisor for Space Operations Flight, 21 SOPS, approximately
40% of the supports are low altitude supports, 20% are medium altitude supports,
and 40% of the supports are high altitude supports (Chambers, 24 October 1992).
For a low altitude support, there is little scheduling flexibility as the start time of
the support is the same as the beginning of the visibility window and the support
| requirement ends at the end of the visibility window. For medium and high altitude
satellite supports, there is greater flexibility in the start time of the support due
to the longer visibility windows. Another key factor in determining the number of
scheduled supports is the support length. The total support length is comprised of
the length of the support requirement and the turnaround time for the RTS where
the support is scheduled. The turnaround time is the amount of time required by a
RTS to reconfigure for a support. The length of the support requirement depends

on type of satellite (low, medium, or high altitude) and the mission of the satellite.
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The turnaround time at a RTS depends primarily on the type of satellite. For a
- low altitude sé.tellite, the turnaround time is normally twenty minutes, while the
turnaround time at a RTS for a medium/high altitude satellite is fifteen minutes.
All of the above factors influence the number and type of satellite supports that can

be schedﬁled.

The objective of the MIP model is to maximize the number of supports sched-

uled. The key constraints limiting the number of scheduled supports are the small
number of RTSs, each support must be scheduled within its visibility window, and
no overlapping supports may be scheduled. An overlapping support is defired as
two supports assigned to the same RTS which are scheduled with some portion of
their support time windows intersecting. In the remainder of this chapter, the input
parameters, decision variables, objective function, and constréints of the MIP model
will be examined in detail. Finally, the analysis on the size of the MIP model and

the impact of these findings on the solution methodology will be presented.

Input Parameters

Input parameters are known constants that affect the value of the decision
variables. The index ¢ refers to a specific support, while index j denotes a specific
RTS. Additionally, m denotes the number of RTS antennas (16) and n denotes the

pumber of supports requested for a given day.

Using the above indices, the input parameters for the MIP problem formulation are
as follows: |

BYV;; - Beginning of visibility window for support ¢ at RTS 1

EV;; - End of visibility window for support z at RTS j

R;; - Length of required support i at RTS j

TO; - Turnaround time for support @

SDT; - Start of downtime for RTS j

EDT; - End of downtime for RTS j
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RTS; - represents the set of RTSs that support ¢ is visible to M - large positive

constant value

Note that we are assuming there is no more than one scheduled downtime at

“an RTS per day. This can be easily modified to allow multiple downtimes. .

Decision Variables.

There are three sets of decision variables in the SRS formulation. The first
decision variable, X.‘J-,l is a binary variable that is set to one when support ¢ is
scheduled at RTS antenna j and zero otherwise. The r~nge of subscript j is restricted

to RTS,

The second set of decision variables designate the start time of support ¢ at RTS
antenna j, denoted by ST;;. Two factors affect the value of STj;: 1) the visibility
window of support ¢, and 2) the availability of RTS antenna j. ST;; is the cnly

continuous decision variable and is required to be nonnegative.

The last decision variable is used to ensure overlapping supports are not sched-
uled. The binary variable y;5; denotes the relative order of the start times of supports

i and h at a RTS j. Notationally, yis; is defined as:

1 if STh; < STij i # h

Yinj = ,
0 lf ST},J' 2 ST”

SRS MIP Formulation

Now that all the indices, input parameters, and decision variables have heen
defined, the objective function and constraint sets for the SRS MIP formulation can

be discussed. The complete formulation is shown below.
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Objective Function:

n
Mazimize Z : Z Xij
1=1j€RTS,

Subject to:

Z X,'jfl 1=1 -+ n
JERTS, . '

ST;>BV;*Xy; i=1---n, ¥jeRTS,
 ST;<(EVj—R;)+Xi; i=1---n, VjeRTS;

STij + Ry <SDTj+M(1=X;) Vi given j

ST; 2 EDTj + TO; — M(1—Xy;) Vi given j

STii+Rij+TOx < SThj+Myin;+ M(1=Xij)+M(1=X4;) ¥ h Vi given j

(3-2)

(3-3)
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STh,+ Ry +TO; < ST+ My, + M(1=Xi;)+ M(1=Xx;) V hVigivenj (3 ~-8)

Xi; € {0,1}
yin; € {0,1}

ST; > 0Vi, j € RTS

Objective Function

Mazimize ) Y. Xi | (3-1)

E
i
5 i=1 jERTS,
J

The objective function for this problem is to maximize the number of supports

|
scheduled. i

Constraints

The constraints for this formulation are:

e schedule each support at most once

e schedule each support in its visibility window

schedule no supports during RTS downtime

schedule no overlapping supports

In each constraint set, only values of j contained in the set RT'S; are conside ed.

Since both the total number of supports and the number of candidate RTS antennas

3-5




for a support vary from day to day, the number of individual constraints for each

constraint set varies for each day scheduled.

Schedule each support at most once. This constraint insures that a sup-
port is not scheduled to more than one RTS antenna. Also, each support i has a

candidate list of RTS antennas the support can be scheduled at (labeled RTS,-).‘

3 X;<1 Vi | (3-2)
JERTS, .

The total number of constraints for this constraint set may be estimated by
multiplyiﬁg the total number of supports by the average number of RTSs visible to

a satellite.

Schedule each support in its visibility window. Each satellite has a time
window for each RTS antenna it is visible to. If the satellite is scheduled at that
RTS the satellite support must occur within this time windov&. The support must
start after the sétellite is visible to the RTS and end before the satellite is no longer

visible to the RTS.

ST, > BVyj+X, i=1---n, ¥j€RTS, . (3-3)
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The total number of constraints in this constraint set may be estimated by
multiplying the number of supports by the average number of RTSs visible to a

support times two.

Schedule no supports during RTS downtime. When a remote tracking
station is down for repair, satellite supports cannot be scheduled to that remote
tracking station. The number of supports that are affected by this constraint set de-

pends on the number of satellites visible to the RTS and the length of the downtime.

STij + R;; <SDTj+M(1-Xy;) Vi gz’v‘en ] (3-5)
ST; > EDTj + TO; — M(1—Xi;) Vi given j (3 -6)

This constraintlset can be avoided for low altitudev satellite supports by pre-
processing each problem’s input. When the downtime for each RTS is kndwn, all
supports that are visible to that RTS can be examined and any support whose visi-
bility window overlaps with this downtime window cannot be scheduled at that RTS.
For example, if support § is visible to RTS LION-A from 0820-0835, but LION-A
is down from 0500 to 0830, then the LION-A is no longer considered as a possible
RTS for support 5 to be scheduled at. This check is accomplished when the data is
preprocessed and input to the MIP solver.

Schedule no overlapping supports. This constraint set insures that two

supports scheduled at the same RTS antenna do not overlap.

Constraints sets 3-7 and 3-8 ensure that no overlap exists between support 7
and any other scheduled support (labeled suppert k) at RTS j. Constraint set 3-7

ensures that that no overlap exists between support ¢ and support A when support
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h is scheduled sche'duled after support 7. In this case, the start time of support A

must be greater than the start time of support ¢ plus sup'port s length plus the
turnaround time for support h. Constraint set 3-8 ensures that that no 6verlap
exists between support ¢ and support h when support & is scheduled before support

¢. In this constraint set, the start time of support ¢ must be greater than the start

‘time of support h plus support h’s length plus the turnaround time for support .

For either constraint 3-7 or 3-8 to be euforced, both support 7 and support A must
be scheduled at RTS j. If either of these supports is not scheduled at RTS j (i.e.
Xi; = 0 or Xy; = 0), then a large value M is added to the right-hand-side of the
constraint and this relaxes the non-overlapping restriction. Additionally, constraint
3-7 will only be enforced when su‘pport h follows support ¢ on RTS j (yin; = 0).
Constraint 3-8 will only be enforced when support i follows support 2 on RTS j

(yinj = 1).

STi+Rij+TOh < STij+Myi;+M1=X;)+M(1=X4;) ¥ hVigivenj (3—7)

STh;+Rij+TO; < ST+ Myan;+ M(1=Xij)+M(1=Xp;) V h Vi givenj (3—8)

Comparison with IBM MIP Formulation

IBM, as part of its efforts to automate the SRS process, developed their own

MIP formulation of the SRS problem. IBM examined écheduling every support

using a MIP approach. The formulation for this research effort was developed in-
dependently of the IBM formulation. A comparison has been made to determine

similarities and differences between the two formulations. The primary purpose of
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the comparison was to verify that the formulation developed for this research effort
is complete and did not overlook any constraints or res‘rictions on the SRS problem.
The complete IBM formulation was shown in Chapter 1I and will be referenced when

comparing the two formulations.

Overall, the two formulations are very similar. The objective function and geil-
eral constraint types are the same for each formulation except the MIP formulation
in this research effort includes constraints to ensure that no sﬁpports are scheduled
during a major RTS downtime. The primary differences in the formulation is how
a start time of a support is identified. The formulation for this research identifies
specific start times for each scheduled support. The IBM formulation identifies an
offset between the beginning of a time segmerit and the beginning of a support re-
quest. Therefore, the start time of a support in the IBM formulation is identified by
adding (subtracting) the offset to the beginning (end) of a segment.

Number of Variables

The number of integer variables is a key factor in determining if the problem

can be modeled as an by integer programming problem and solved in a reasonable
amount of time . The exact number of integer variables for a given problem, the
expected number of integer variables, and and the impact of the number of integer

\

i

variables will now be discussed.

Number of Variables for a Specific Problem.| The number of integer variables
needed to model SRS problems differs with each problem. For a given problem, the
number is the sum of the number of allowable support and RTS combinations (la-
beled NV;;) and the total number of possible overlapping supports, (labeled OVs;).
OVis; is set to one when support 7 and support A are both visible to RTS j and
their visibility windows overlap. For problem sets with only low altitude supports,

determining the number of overlapping supports is a straightforward task of compar-
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ing the beginning and ending visibility values for supports visible to the same RTS.

For problem sets involving low, medium, and high altitude supports, the number of
overlapping suppor.ts rapidly increases. The two primary reasons for the increase
are 1) the long visibility windows of high altitude satellite supports and 2) the large
number of RTS antennas a high altitude satellite support is visible to. A single high
altitude'sﬁpport that is visiblé to several RTSs for the entire day will overlap with
every other support at éach RTS the support is visible to. Mathematically, the total

number of integer variables is:

n m n n m

YNNG+ 35 OV V i, feasible h, VY j € RTS;and RTS,

=1 j=1 i=1 h=1j=1

Ezxpected Number of Integer Variables. The expected number of integer
variables provides an estimate of the actual number of variables needed to model
a specific problem. The expectéd number is a function of the number of feasible
support/RTS combinations and the number of overlapping supports. For problems
involving low, medium and high altitude supports, the number of integer variables

would be very large. The number of integer variables in the problem would equal:

+ ((HAS + LAS) + HAS + LAS)

> T W

=1 jERT'S;

where:

Y%y Xjerrs, Nij = total number of feasible support/RTS combinations.
HAS = the number of medium/high altitude supports

LAS = the number of low altitude supports.

For example if there were 200 high altitude satellite supports, 150 low altitude
satellite supports, and 2150 possible support/RTS combinations, the total number
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of integer variables would be 2150 + 200 * 150 + 200® +150 = 72,300 integer
variables. However, according to Ken Chambers, for problerhs involving low altitude
supports only, the expected number of variables would be approximately three times
the total number of low altitude supports This is du‘e to the fact that a low altitude
satellite support is visible to an average of one and one-half feasible RTS antennas per
support and the short visibility windows reduce the number of overlapping supports

(Chambers, 15 January, 1993).

Impact of Number of Integer Variables. The computational complexity of
integer programming problems limits the size of problems which can be modeled and
solved in a reasonable amount of time. The size ot the problerﬁ that can be modeled
and solved is directly related to the number of integer variables. The MIF approach
can take an amount of time which is an eXponehtial function of the the size of the
problem (number of integer variables). As a result, trying to model and solve the

entire SRS problem as a MIP is not considered a feasible approach.

Scheduling Low Altitude Satellite Supports by MIP

The approach developed in this research effort schedules only the low altitude
satellites supports using the MIP formulation. The primary reason this approach
was taken s the fact that the number of integer variables required to model this
Wp“roblem is significantly reduced when only those satellite supports are scheduled. 7
The number of integer variables when just low altitude satellite supports are sched-
uled is approximately three times the total number of low altitude supports. The
number of Xj; variables is decreased since these satellite supports are only visible
to a few RTSs. The number of yin; variables is decreased since a lower number of
satellite supports overlap due to the short visibility windows of low altitude satellite
supports. In fact, in many cases a low altitude support has only one candidate RTS.
This reduction in the number of integer variables enu: les a larger number of satellite

supports to be scheduled using a single MIP formulauot . Several test cases were run
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and up to eighty-five low aititude satellite supports have been scheduled in a timely

manner when solving the MIP. A timely manner is defined as MIP soiuﬁon times of
ten minutes or less. On most days, there are normally between one hundred forty
and one hundred seventy low altitude supports that need to be scheduled during a
given day. Therefore, more than one MIP is required to schedule‘ all the low altitude
supports for a single day. How these solutions are linked together and how the MIP
solution technique fits into the overall approach for schedﬁling satellite supports will

be discussed in Ch#pter Iv.
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IV. SRS Heuristic Approach

Overview

In this chapter, the heuristic approach 'used to develop the initial 24 hour
schedule will be presented. The heuristic consists of two sets of algorithms: 1) sched-
ule generation algoi‘ithms and 2) schedule improvement algorifhms. The heuristic
approach is a two phased approach: phase one schedules as many low altitude satel-

lite supports as possible, while phase two schedules as many medium/high altitude

satellite supports as pdssible. In each phase, a schedule ‘generation algorithm ini-

tially schedules as many satellite supports as possible. Then a schedule improvement
procedure attempts to adjust the schedule so that unscheduled satellite supports can
be added to the schedule. The schedule generafion algorithms are t‘he MIP linking
vrocedure and a satellite insertion procedure. The MIP linking procedure schedules
the low altitude satellite supports. The satellite in.se‘rtion procedure schedules the
medium/high altitude satellite éupports. The schedule improvement algorithms are
a two satellite interchange procedure and a three satellite interchange procedure.

Figure 4.1 shows the flow of the SRS heuristic approach.

The topics in this chapter will be covered in the following order.

¢ schedule generation procedures
e general schedule improvement methodology

e the specific implementation of the interchange procedures

Schedule Generation Algorithm for Low Altitude Satellite Supports

The low altitude satellite supports were scheduled using the MIP approach
developed in Chapter III. However, a linking procedure was required to schedule all

the low altitude supports for a single day since the number of low altitude satellite
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supports for an entire day is greater than the number of supports that can be sched-
uled in a timely fnanner using a single MIP. In general terms, the iinking procedure
divides the day into two blocks, schedules the low altitude satellite supports in the
first bldck, and then inéorporates the results of the first block when scheduling the
low altitude satellite supports in the second block. This section will examine the
three key steps in the linking procedure: 1) preprocessing the data, 2) solving the
MIP SRS model, and 3) incorporating the results of the previous block in the data
for the next block. Figure 4.2 shows the flow of the MIP linking procedure.

SRS Preprocessing.  The first step in the linking procedure is prepariﬁg the

data so it can be used to formulate the MIP

Preprocessing of SRS Data. The SRS data used was the ASTRO
general list database provided by Space Planning Fligut, 21 SOPS, which lists all
the information for each support. Two primary steps were required before the data
was in the proper form for the input tables: 1) separate the SRS database into two
datai’)a.ses with one for low altitude satellite supports and the other for medium/high
 satellite supports, and 2) sort the low altitude satellite support database. Appendix

B shows the format of each database.

Step 1 The first step in the preprocessing of the SRS data was to separate the
low altitude safellite supports and medium and high altitude satellite supborts into
separate databases. The visibility window for each support was used to distinguish
the low altitude supports from the medium/high altitude supports. All supports
with a visibility window of thirty minutes or less were categorized as low altitude
supports while supports with visibility windows of greater than thirty minutes were

categorized as medium/high altitude supports.

Step 2 The second step in preprocessing the SRS data was to sort the database
based on BV;;. The first entry in the sorted database would be the support and

specific RTS combination with the earliest visibility, the second entry would be the
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support/RTS combination with the second earliest beginning of visibility and so on.
Entries for a single support could be scattered in the database since the beginning

of visibility time for a support at different RTSs varies by as much as one-half hour.

MIP Input Tables.  Once the SRS data was preprocessed. the necessary-

input tables for the MIP model were then generated using the data frcm the sorted
database. The requested supports are divided up into problems with no more than
eighty- five supports. Therefore, the data for blocks of eighty-five supports is included

in each set of input tables.

MIP Model Solution. The MIP model associated with a block of satellite
supports is generated using the input tables. Upon solution of the model, an output
file is created which shows what surports are scheduled to each RTS and the start
times of each of the scheduled supports. Ii additional unprocessed blocks remain,
the solution is then read by a program which generates the data needed for the next

block of data.

Incorporating Results in Next MIP Block.  The results from the solution of
t‘he previous block are examined when developing the input tables for the next block.
When linking MIP blocks, the procedure must ensure that 1) no support scheduled
in a previous block is rescheduled in the next block and 2) the RTS resources used

for supports in a previous block are not reallocated for a support at the beginning of

the next block. In the first step, a support that is not scheduled in the previous block

and has an entry in the next block, is entered in the‘input data for the next block.
Additionally, satellite supports associated with a support scheduled in a previous
block’s solution are deleted from any subsequent block’s MIP input table. In the
second step, parameters in subsequent block formulations are initialized so that RTS

resources are unavailable until previously scheduled supports are comnleted. For the
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test data, only two blocks are required although the described procedure is capable

 of processing additional blocks.

Schedule Generation Algorithm for Medium/H:gh Altitude Satellite Supporté

An insertion procedure was developed to schedule medium/high altitude sup-
ports around scheduled low altitude supports.v Generally, the insertion procedure
determines the order in which the medium/high altitude supports will be inserted
into the schedule, the possible RTSs where an insertion can occur, and the best time
within a visibility window for the insertion. The best time for insertion is the time
that minimizes the amount of free time in the schedule. Free time is defined as an
amount of time between the end of the inserted support and the turnaround time
of the support scheduled immediately after this support. Figure 4.3 illustrates this
concept. In this example, Support D is considered for insertion into the schedule.
The insertion algorithm will insert support D after support A since (for illustration

purposes) the least amount of free time in the schedule occurs when support D is

_inserted after support A and before support 'B. The free time for this insertion is '

approximately ten minutes as compared with approximately forty five minutes if in-
sertion after support B was performed. How the SRS insertion procedure determines

the RTS and time of insertion for each medium/high altitude support is presented

next.,

The SRS insertion algorithm has three major steps: 1) rank order the medium
and high altitude supports by decreasing difficulty of insertion (the moét difficult
support is first), 2) determine which RTSs the support is visible to and rank order
these RTSs by increasing “free time”, and 3) find the best insertion time for the
support. The “best” time is determined using a combination of a first feasibility
selection rule and best insertion tfme rule. The three major rules are explained

below. Figure 4.4 shows the flow of the insertion procedure.




FREE TIME

Tune “ioe

LEGEND: E - SCHEDULED SUPPORT
'

: !+ SUPPORT CONSIDERED FOR INSERTION

Figure 4.3. Free Time Determination

Rank Order Supports.  The first step in the insertion procedure is to rank
order the supports by decreasing difficulty of insertion. All the medium and high
altitude supports are ranked based on two criteria: 1) the ratio of support require-

ment length (not including turnaround time) to the support’s request window (the

.larger the ratio, the more difficult the support is to schedule), and 2) flexibility of

the support (number of RTSs visible to the support). The request window is the
time window the support should be scheduled in and is determined by MCC per-

sonnel. In most cases, the request window for a support is considerably smaller

than its visibility window. The ratio of support length to request window length is
considered a good measure since, in general, the difficulty of scheduling a support
must take into account both the']ength of the support and the length of ‘the request
window. For example, a support with a fifteen minute support length and a forty
five minute request window (ratio 15/45) is more difficult to schedule than a support
with a thirty minute support length and an two hour request window (ratio 30/120).
For supports that have the same support length to visibility window length ratio,
the support that is visible to fewer RTSs would be ranked higher. The goal is to
insert the more difficult supports first since there is more free time available in the

schedule.
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Determine & Rank Order RTSs.  For each support in the list, the RTSs the
support is visible to are identified and then rank ordered based on the free time of
each RTS. Therefore, the RTS with the most free time is considered first for possible

insertion. Free time for a RTS is defined as the total time available during a day

minus the total time required for scheduled activities (all scheduled support lengths,

turnaround times and downtime). Free time is an approximate measure of how
much of the total time is available at a RTS for additional supports to be scheduled.

The measure is approximate since frec time does not take into account the amount

of free time inside the support’s visibility window or unusable time at that RTS.

Unusable time is free time between scheduled supports that is not long enough to
accommodate an unscheduled suppert. An example of unusa. .me would be ten

minutes between the end of one support and the beginning of the next support’s

turnaround time at a RTS. Finally, after the RTSs are rank ordered, insertion of the

unscheduled support is attempted at each RTS until either the best insertion time

is determined or no possible insertion time can be found.

Determine Best Insertion Time.  The last and most important step in the
insertion procedure is to determine at what RTS and time period within the day the
unscheduled high or medium altitude support should be scheduled. A preliminary
criteria for-the insertion procedure is that a block of free time exists within a RTS

that is larger than the request length plus turnaround time for the support. If no

block of free time exists, the support cannot be inserted into the schedule. The

insertion procedure finds an insertion time that minimizes the amount of free time

in the schedule.

The criteria for an insertion is a combination of the first feasible insertion and
best insertion time rules. These rules are applied consecutively for each attempted

support insertion into the schedule and are explained below.
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First' Feasible Insertion Rule.  The first feasible insertion rule has the
procedure stop searching for any more insertion times for the current unscheduled
support if the current time meets one of two criteria: 1) if after the support is
inserted, there is less shan five minutes of free time between the inserted support and
the next scheduled support or 2) if after the support is inserted, there is more than
one hour of free time between the inserted support and the next scheduled support.
If both of the stopping criteria are met, the procédure inserts the support in the time

location where there is less than five minutes of free time (rule 1). The rationale

for these rules was established after talking with people familiar with the range.

scheduling process and examining the available data. The five minute criteria was

chosen since the probability of finding another insertion time leaving less than five

minutes of free time is small. The second criteria was arrived at after examining the -

data available. Approximately, ninety percent of all medium/high altitude supports
are less than one hour in total ~upport length (forty five minute support requirement
plus fifteen minute turnaround time). Therefore, using this criteria, a large majority

of supports can be scheduled in a free one hour period.

Best Insertion Time Rule.  If the first feasibilitv insertion rule is not

satisfied, the procedure keeps searching for a time based on the best insertion time
rule. This rule is based on minimizing the amount of unusable time within the
schedule. Every RTS visible to ain unscheduled support is examined and, if possible,
two values are compubed: a minimum free time value and a maximum free time
value. These values are then compared to determine the best insertion time. The

steps of the best time rule are presented below.

Step 1 Calculate the “minimum free time” value and the “maximum free
time” value over all possible insertion times at a single RTS. The minimum free time
value is the lowest amount of free time between the end of the support requirement
for the inserted suppert and the beginning of the turnaround time for the support

scheduled immediately after this support, while the maximum free time value is
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the largest amount of free time between the end of the support require;nent for the
inserted support and the beginning of the turnaround time of the support scheduled
immediately after this support. Every possible insertion time at a RTS is examined

before these values are determined.

Step 2 Compare the values calculated in Step 1 with the best minimum and

maximum free time values to date (called the incumbent minimum and maximum

- free time value). If the current minimum free time value is less than the incumbent

minimum free time value, then the incumbent minimum free time value is updated.
Likewise, if the current maximum free time value is greater than the incumbent

maximum free time value, then the incumbent maximum free time value is updated.

Step 3 If the support is visible to another RTS, steps 1 and 2 are repeated. If
the support is not visible to another RTS, proceed to step 4.

Step 4 After all the visible RTSs have been checked, the incumbent rhinimum
and maximum free time values arc compared to determine the insertion time. If
either value is greater than thirty, then the value has thirty subtracted from it. The
reason for this is to leave free time which is usable for later unscheduled supports
that have a total support length of less than thirty minutes. The procedufe then
compares the two values and chooses the smaller one which indicates the RTS and

time the support will be inserted at.

Flow of Insertion Procedure.  The first feasible insertion and best insertion
time rules are consecutively applied to every RTS the support is visible to. If either
of the first feasible insertion criteria is met, the insertion procedure adds the support
to the schedule-and proceeds to the next unscheduled suppor* for insertion. If neither
of the first feasibility insertion criteria is met, the minimum and maximum free time
values are then calculated. If every RTS the support is visible to has been examined,

and the first feasibility insertion criteria have not been met, the incumbent minimum

and maximum free time values are then compared to determine the insertion time.
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The following example will illustrate the techniques

SRS Insertion Ezample.
utilized in the insertion procedure. The example problem will go step by step through
each phase of the insertion procedure. Table 4.1 displays the unscheduled supports

for the example problem. o ‘ .

Table 4.1. Insertion Example

l Sup No || Ident || BV | EV | Req Len || TAT ||

RTS1 |

e

RTS3

|

JT54

[ 123

2567

20

447

75

15

GUAM-B

HULA-B

INDI-A

BOSS-A

255

4373

16

775

75

15

BOSS-B

LION-A

COOK-B

POGO-A

212

9434

0

1440

60

15

PIKE-A

COOK-B

LION-B

98

9366

0

1440

60

15

POGO-A

COOK-A

LION-B

PIKE-A

. )

The first item to note about Table 4.1 is the 6r<|ier of the supports. The supports
are ordered from the largest ratio to the smallest ratio of requirement length to length
of the visibility window. Support 123 is the first candidate support since it has the L
largest ratio (75/427)and support 255 is the second candidate since it has the second :
largest ratio. Support's 212 and 98 have the same ratio, but support 212 is the third
candidate suppbrt for insertion since it is less flexible (visible to only three RTSs,
compared to four for support 98). For illustration purposes, we will assume that each

of the RTSs for each support are listed in order of|free time. Note that after each

insertion, the RTS free time values are updated, possibly leading to a reordering of
these RTSs. Therefore in this example, the first two steps of the insertion procedure

were performed to arrive at Table 4.1.

The insertion procedure begins with support 123. The procedure will attempt
to insert this support at RTS GUAM-B first. We will assume the procedure found ‘ E ,
an unscheduled time segment starting at time 580 with a minimum free time of 15 |
minutes (this means a block of time of 105 minutes was found (105 — (75 +15) = 15)
and an unscheduled time segment starting at time 95 with a maximum free time -

of 48 minutes. This means that at RTS GUAM-B a free block of 105 minutes was
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the smallest free block found and é. free block of 138 (75 + 15 + 48) minut'es was
the largest free block found when all possible insertions at this RTS were examined.
Since neither of our stopping criteria from the first feasible insertion rule are met,
the procedure updates the incumbent minimum and maximum free time values ard
attempts to insert 123 at RTS HULA-B. For this RTS, a minimum free time of
4 minutes was found at an unscheduled time segment starting at time 305 and a
maximum free time of 42 minutes was found at an unscheduled time segment starting
at time 234. Since the stopping criteria of free time less than 5 minutes was met, the
searchlfor an insertion time is stopped and supp?rt 123 is inserted at RTS HULA-B
with a start time of 320(305 4 15 = 320). The free time for RTS HULA-B will now
be updated. For example, if HULA-B had a free time of 980 minutes before support
123 was inserted, its new free time would be 890 (980 — 90). RTS INDI-A will not

be looked at for an insertion time since support 123 has been scheduled.

Now the insertion procedure considers support 255. Again the RTS with the
most free time, BOSS-B, will be examined first. .For this RTS, the minimum free time
of 23 minutes was found at an unscheduled time segment starting at time 145 and a
maximum free time of 27 minutes was found at an unscheduled time segment starting
at time 224. Since neither of the first feasibfe insertion criteria is met, the incumbent
minimum and maximum free time values are updated and the current schedule of
RTS LION-A is searched for an insertion time. The results from LION-A are a
minimum free time of 25 minutes at an unscheduled time segment starting at time
347 and a maximum free time of 43 minutes at an unscheduled time segment starting
at time 35. Now these values are compared with the previous incumbent values of
minimum and maximur free time. Since 43 > 27, the new incumbent value of
maximum free timeis 43 minutes at RTS LION-A with an unscheduled time segment
. starting at time 35. The incumbent minimum free time value is not updated since the
minimum value of 25 at RTS LION-A is greater than the incumbent minimum free

-time value of 23. Since neither of the first feasible insertion rules’ stopping criteria is
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met, the current schedule at lRTS COOK-B is examined for an insertion time. The

results for this RTS found a minimum free time of 18 minutes at an unscheduled time
segment starting at 429 and a2 maximum free time of 41 minutes at an unscheduled
time segment starting at 112. Again these values are compared with the incumbent
minimum and maximum free time values from the previous RTSs. A new incumbent
minimum free time value is found since 18 < 23. The incumbent maximum free
time value stays the same since 43 > 41. Finally, RTS POGO-A is examined for
possible insertion times. ‘The results for this RTS found a minimum free time of
21 minutes and a maximum free time of 39 minutes . The incumbeAnt minimum
and maximum free time values do not change since the minimum (maximum) value
at RTS POGO-A is greater (leés) than the incumbent minimum (maximum) free
time value. Since all visible RTSs have been examined and neither of the stopping
criteria have been met, the incumbent minimum and maximum free time values must
be compared. Since the incumbent maximum free time is greater than thirty, it now
becomes 13 (43 — 30). Finally, since 13 < 18, the best insertion time for support
255 is 35 at RTS LION-A (Support 255 has a start time of 50 (35 + 15)).

Schedule Improvement Algorithms

Overview. The schedule improvement algorithms attempt to reschedule a

support or supports so that a previously unscheduled support can be added to the -

schedule. The basic methodology for the imprdvement algorithms is an interchange
procedure. A two satellite interchange procedure is utilized to improve the number of
low altitude satellites scheduled. A three interchange procedure is utilized to improve
the number of medium/high altitude satellites scheduled. The general interchange
methodology will first be explained followed by how this methodology is applied in

the two and three satellite interchange procedures.

General Interchange Methodology. The general interchange methodology

has three primary steps. These steps are performed in both the two satellite and
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three satellite interchange procedure. However, the mechanics of the steps will differ
between the two and three satellite interchange procedures. The general steps of the

‘procedure are presented below.
Step 1 Identify the RTSs the unscheduled support is visible to.
Step 2 Determine the set of scheduled supports that could be rescheduled.

Step 3 Determine if a scheduled support can be successfully rescheduled (called
a successful interchange). A successful interchange occurs only if a free time block
greater than or equal to that scheduled support’s total support length can be found.
If the scheduled support can be rescheduled, it is, and the unscheduled support is

inserted into the now unscheduled time segment and RTS.

General Comments. Three comments can be made on how the general
interchange methodology is applied to the two and three satellite interchange proce-
dures. First, in the three satellite interchange procedure, two satellites will need to
be rescheduled in order for a successful interchange to occur. Second, the application
of Step 2 will differ depending on whether the unscheduled support is a low altitude
support or medium/high altitude support. Medium/high altitude supports generally
have a greater number of candidate scheduled supports within a RTS that can be
- rescheduled due to the flexibility in the start times of these supports. A rescheduling
" measure must be developed to determine which scheduled support is the best candi-
date support to be rescheduled. On the other hand, low altitude supports have no
flexibility in their start times at a RTS, so a rescheduling measure is not required.
Finally, for both the low and medium/high altitude unscheduled supports, the list
of unszheduled supports is examined only once for possible addition to the schedule
using an interchange procedure. If an unscheduled support cannot be added to the
schedule, the support is not considered again for addition to the schedule. Therefore,
both interchange procedures terminate after examining the last unscheduled support

in the list.




Two Satellite Interchange Procedure.

The two satellite interchange procedure attempts to increase the the number
of low altitude satellite supports scheduled after the supports are initially sched-
uled using the MIP linking procedure. The two satellite interchange procedure is
performed after the MIP linking procedure and before the medium/high altitude |
insertion procedure. The two satellite interchange procedure attempts to schedule
a previously unscheduled low altitude support by moving a scheduled support to an
unscheduled period of time at another RTS. The steps of the two satellite interchange
procedure are presented below. The following definitions are required to fuily under-
sfand the steps of ihe two satellite interchange procedure. Conflicting supports are
the supports scheduled at each visible RTS in the unscheduled support’s visibility
window. The flexibility of the conflicting support is defined as the number of RTSs
each scheduled support is visible to. Each RTS the conflicting scheduled support is

visible to, except the RTS the support is currently scheduled at, is called an alternate
RTS. |

Step 1 Identify all RTSs visible to the unscheduled support.

Step 2 Determine the scheduled supports that could be rescheduled. This
step has two sub-steps: 1) determine the conflicting scheduled support at each of
the visible RT'Ss and the flexibility of the conflicting support and 2) rank order

conflicting supports by increasing flexibility. If an unscheduled support conflicts

with two scheduled supports at a RTS, an attempt is made to reschedule both of the
scheduled supports.

Step 2a Calculate the flexibility of each conflicting support

Step 2b Rank order conflicting supports by decreasing flexibility with the most
flexible support ranked first and the least flexible support ranked last. Therefore, the

most flexible scheduled support is the first candidate for the two satellite interchange.
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Step 3 The last step is to determine if any conflicting support on this list can

be successfully rescheduled . For each alternate RTS, a check is made to determine
if the conflicting support could bg rescheduled at that RTS. A successful interchange
occurs when no overlapping supports would occur at the alternate RTS when a
conflicting support is rescheduled to that RTS. If a successful interchange occurs, the
unscheduled suppbrt. is scheduled in the vacated position, the conflicting support is

rescheduled and the procedure does not consider any more conflicting supports. If

- a conflicting support cannot be rescheduled, the procedure then examines the next

conflicting support in the list to determine if it can be successfully rescheduled. If
all the conflicting supports have been checked and a successful interchange has not

occiirred, the low altitude satellite support remains unscheduled. After a successful

' interchange occurs or the support remains unscheduled, the procedure proceeds to

the next unscheduled support in the list.

Two Satellite Interchangée Example.  The concépts of the two satellite inter-
change procedure will be‘ illustrated with the following example. The data for the
example is shown in Table B.1 In the example, it is assumed that support 8 is an
unscheduled support, support 171 is scheduled 2t RTS POGO-A and support 95 is
scheduled at RTS INDI-A. The two satellite interchange procedure will attempt to
schedule support 8 by rescheduling either support 171 or 95 to an alternate RTS.
Support 171 is visible to two alferna.tive RTSs while support' 95 is visible to one
alternative RTS. The two interchange methodology will now be applied step by step
for this support. Since support 8 is‘only visible to RTSs POGO-A and INDI-A, the
above information completes the first two steps of the procedure; Step 1 is determin-
ing the RTSs where the unscheduled support is visible and Step 2a is determining
the conflicting scheduled sﬁpports at these RTSs and the flexibility of the conflicting
supports. The next step, Step 2b, is to rank order the conflicting scheduled supports
by flexibility. Support 171 is the most flexible since it is visible to three alternate
RTSs compared to one alternate RTS for support 95. The final step, Step 3, is
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Table 4.2. Two Satellite Interchange Example

[ Block 1 Data |

| Sup No. | RTS || BV || EV || Req Len || TAT [ Ident || Rev No |
76 PIKE-A || 642 || 647 5 20 2532 | 8073.1
76 POGO-C || 643 || 658 15 15 2532 | 8073.2
259 INDI-A || 643 | 644 1 20 9845 || 9291.0
24 LION-B |l 645 I! 661 16 15 1056 9756.3
188 - || GUAM-A || 645 }j 653 8 20 6790 || 2683.0
272 BOSS-B || 643 || 663 15 20 9757 773.3
272 PIKE-A | 649 || 664 15 20 9757 773.3
59 BOSS-A || 651 |} 668 17 20 1748 || 9480.1
171 POGO-A || 653 || 668 15 15 6593 || 3864.2

l , Block 2 Data . |
[Sup No. || RTS I BV | EV || Req Len || TAT | Ident || Rev No |

S POGO-A | 654 || 671 17 20 286 || 2860.5
39 LION-A | 654 || 667 13 20 1132 || 6856.1 )
8 INDI-A || 657 || 661 4 15 || 4774 || 2583.5
55 POGO-B || 660 || 676 16 20 1748 || 9480.2
289 POGO-C || 663 || 679 16 15 || 9845 |} 9291.2
95 INDI-A || 667 || 679 12 20 |l 3187 || 5786.9
171 BOSS-A || 667 || 675 8 15 || 6553 || 3864.3
171 PIKE-A | 667 || 682 15 20 || 6553 || 3864.3
188 POGO-C |j 667 || 633 16 15 || 8790 || 2683.2
95 GUAM-B || 669 | 681 12 20 || 5821 || 4736.1
171 COOK-A || 669 || 683 14 15 || 6553 |I 3864.4

4-19




to determine if a scheduled support can be successfully rescheduled. Therefore, the
procedufe will first attempt to reschedule support 171 at one of its alternate RTSs.
Each of the alternate RTSs (PIKE-A, COOK-A ahd BOSS-A) is checked to see if
support 171 can be rescheduled at that RTS. If support 171 can be fescheduled, ther -
the p?écedufe stops and support 8 is now scheduled at POGO-A and support 171 is
reséhéduléd at an alternate RTS. If support 171 cannot be rescheduled, then support‘
95 is e#amined. The inteschange process is repeated by checking the alternate RTS
.(GUAM'-B) for support 95. If support 95 can be rescheduled, then support 8 will be
sched‘uléd at RTS INDI-A. Otherwisé, support 8 remains unscheduled. .

Three Satellite Interchange Procedure

The three satellite interchange procedure attempts to increase the number of
medium/high altitude satellite supports schecduled after the supports were initially
scheduled using an insertion procedure The three satellite interchange procedure
attempts to schedule a previously unscheduled mediura/high altitude support by
moving scheduled supports to alternate RTSs and time segments. ‘Conceptually, the
three satellite interchange procedure is one level higher than the two satellite inter-
change procédure. The two satellite interchange procedure cycles through the three
steps of the general interchange methodology only once to determine if a succéssfﬂ _
" interchange can occur. The three satellite interchange procedure cycles through the
three steps of the general interchange methodology twice to determine if a succéssful
interchange can occur. Figure 4.6 shows the flow of the three interchange proce-
dure. Two definitions are required to fully understand the steps of the procedure.
A candidate support is defined as a scheduled support that can be rescheduled
and satisfies three criteria which are explained in Step 2a below. A best candi-

date support is the candidate support with the most potential to be rescheduled

successfully.
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Flow of Three Satellite Interchange Procedure As mentioned above, the
three satellite interchange procedure cycles through the general steps of the inter-
change methodology two times. In fact, the three satelli interchange is conceptually
- the same as two applications of the two sateilite proceduré. The first application de-
términe_s the first best candidate support and checks to see if a successful interchange
~will occur. If a successful interchaﬁge does not occur, the two satellite interchange
procedure is applied a second time to try to reschedule the best candidate support.
" If a successful interchange occurs in the second application, the schedule is updated
to reflect the new start times of the previously unscheduled support and all resched-
uled supports. However, the application of the three general steps di‘ﬂ'ers hetween
the two and three satellite interchange procedures. The three satellite interchange
| procedure applies to medium/high altitude satellites, while the two interchange pro-
cedure applies to low altitude ‘satellites. In the three satellite interchange procedure,
a medium/high altitude satellite support has greater scheduling flexibility due to
longer visibility windows and a rescheduling ﬂexibility measure is required to deter-
mine the best candidate support. In the two satellite interchange procedure, there is
very little scheduling flexibility and the set of candidate supports is the list of con-
flicting supports. The steps of the three satellite interchange procedure are presented

below.
For a single unscheduled support, labeled u, the following steps are executed.
Step 1 All the RTSs visible to u must be identified.

Step 2 Determine the best support that could be rescheduled. This process
has two sub-steps: 1) determine candidate supports, and 2) determine the best

candidate support.

Step 2a List each scheduled support that meets the following criteria and
is currently scheduled at a time when support u could be scheduled. This list is
called the candidate support list and every support on this list, labeled ¢, must

meet three criteria: 1) the time block (free time around the candidate support plus
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the candidate support’s total support length) for each candidate support examined

must be larger than support u’s total support requirement. 2) support u’s visibility

requirements can be met during this time block and 3) the scheduled support is not

a low altitude support or a major RTS downtime. These two types of supports are

considered fixed and this procedure will not attempt to.reschedule these.

Step 2b For each support c in the candidate support list, calculate a reschedul-
" ing flexibility measure. The flexiblity measure is the‘product of the scheduling diffi-
culty value times an average free time value for support ¢. The scheduling difficulty
vzlue is the inverse of the ratio used to rank order supports in the insertion pro-
cedure and is the ratio of the visibility window length to the total support length.
The average free time value is calculated in a two step process. First, determine
the average oi the three largest free iune values at each RTS support ¢ is visible to.
Second, sum these averages across the R1'Ss visible to support c. Mathemaﬁcally,

the reschednling flexibility measure is computed in the following manner:

(ZjERTS.; FI(f(L'A'UgJ‘) VZSA”Ug
3
|RT S.| Suplen’

where:

¢= the candidate support

J € RTS,

FlerAvg; = the average of the three largest free time blocks at each visible RTS in
support ¢’s visibility window.

SupLen = The total length of support ¢.

. . . E EV.,-BYV,
VisAvg = average request window for support ¢ and is defined as: mmﬁérs T 2
c

After the candidate support’s rescheduling flexibility measure is calculated, it
must be compared to the best measure to date associated with the current incum-

bent support. The greater the flexibility measure, the more potential the candidate
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support has of being rescheduled. Therefore, if the new flexibility measure is greater
than the current best value, the current candidate support becomes the incumbent
candidate support and the current flexibility value is the new incumbent flexibility
value. When all candidate supports have been examined, the incumbent candidate

support becomes the best candidate support.

Step 3 Determine if a successfﬁl interchange can occur. In this step, a check
is made to determine if the largest free time block found at ‘any RTS visible to the
best candidate support is greater than the best candidate support’s total support
length. If this condition is true, the best candidate support is rescheduled and the
unscheduled support is scheduled. If a successful interchange does not occur and
the second cycle through the three steps has not been completed, proceed to step
4. If the second cycle of thé three steps has been completed, tl en the unscheduled

support cannot be added to the schedule and the procedure proceeds to the next

unscheduled support in the list.

Step 4 The first application of a two satellite interchange procedure was at-
tempted using the steps described above and a successful interchange did hot occur.
A second application of the three steps is now attempted. The best candidate sup-
port for the first cycle now beéomes the “unscheduled support” and thé procedure
proceeds through the three steps described above to determine the best candidate

support for the second cycle and if a successful interchange can occur.

Three Satellite Interchange Example.  The following example will illustrate
the techniques utilized in the three satellite interchange procedure. Table 4.3 displays

the support data for the example problem.

For illustration purposes, the Flexibility Average (Flex Avg) column is the

mean of the average free time for all RTSs the candidate support is visible to
FlexAvg,

(FlezAvg = (—Z—-'i’iﬁ‘——)) The total support length (Tot Sup Len) column

|IRT S|
is the average of the support requirement plus the turnaround time. The time block
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Table 4.3. Three Satellite Interchange Exafnple
[ Unscheduled Support Information |

| Sup No | # RTS visible to || Tot Sup Len |
[ 300 | 7 [ 65 |

| Candidate Supports for 1st Rescheduled Support |
Eand Sup | RTS || Tme Block || Flex Avg || Tot Sup Len || Vis Wind || Time Loc—]

DI PR e e AT
gl bl RSP AT Rt TR N

289 INDI-A 75 85 60 400 602

324 LION-B 77 74 50 500 407
[ ‘ . Free Time Blocks for 1st Rescheduled Support J
[ Cand Sup | RTS || Tme Block || Ilex Avg || Tot Sup Len [[ Vis Wind [| Time Loc | 3

N/A POGO-A 43 678

N/A COOK-B 47 800 ,,

N/A BOSS-A 46 805
[ Candidate Supports for 2nd Rescheduled Support | :
[ Cand Sup || RTS || Tme Block || Flex Avg || Tot Sup Len || Vis Wind || Time Loc | ;:

279 LION-B 63 92 55 600 | 518

319 GUAM-A 66 65 60 320 || 744 ?;
L ' Free Time Blocks for 2nd Rescheduled Support ;
[Cand Sup ]| RTS || Tme Block || Flex Avg || Tot Sup Len || Vis Wind || Time Loc | ,:

N/A HULA-A 43 . 678

N/A PIKE-A 56 743 :

N/A POGO-B 47 800

N/A COOK-A 46 805 |
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column (Tme Block) is the sum of the Tot Sup Len column plus the free time
adjacent to the candidate support. The visibility window ('V‘is Wind) colﬁmn equals
EV;; — BYV;. The time segment location column (Time Loc) shows the time in
the day where the Tme Block column is located at. Additionally, two facts can be
stated after examining the data: 1) the candidate sﬁpport or >tim_evblock is within
the visibility window of the unscheduled or rescheduled support, 2) the RTS of the
candidate support in the table is visible tb the unscheduled or rescheduled support.
‘The suﬁports listed under the candidate support columns are the only ones that meet
the three criteria for candidate supports. For example, in the Cand Sup column for
first rescheduled support data, all seven RTSs the unscheduled support is visible to
are examined and the two candidate supports listed are the only ones that meet the

three criteria.

Determining 1st Rescheduled Support.  Support 259 is the first candi-
date ‘upport examined to determine if it will be the first rescheduled support. The

steps of the algorithm are applied to this support.
Step 2a: Support 289 meets all the criteria for a feasible candidate support.

Step 2b: Rescheduling flexibility measure calculation. The flexibility measure

for support 289 is 85 *(400/60) = 566.6.

Step 2b: Comparison. Since support 289 is the first candidate support, its

flexibility measure is the best.
Support 324 will be examined next.
Step 2a: Support 324 meets all the criteria for a candidate support.

Step 2b: Rescheduling flexibility measure calculation. The flexibility measure

for support 324 is 74 *(500/50) = 740.
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Step 2b: Comparison. Since 740 >  566.6, support 324 becomes the
incumbent candidate support. Since no other candidate supports were identified,
support 324 is the first rescheduled support.

Step 3 Determine if successful interchange can be accomplished. Since none '
of the free time blocks listed for the first rescheduled support are larger than support

324’s total support length, a successful interchange cannot occur.

Step 4 The second application of a two satellite interchange process will pro-

ceed with support 324 as the “unscheduled support”.

Determining 2nd Rescheduled Support.  Since support 324 was identi-
fied as the first rescheduled support, the second rescheduled support must now be
determined. Again, each of the steps of the procedure will be applied to determine

the second rescheduled support.

Step 1 At this step, all visible RTSs are identified. This step has already been
accomplished when generating Table 4.3. Additionally, each RTS has been examined

for a candidate support.

Step 2 is now applied to each candidate support listed in the candidate supports for

2nd rescheduled support section of Table 4.3 . Support 279 will be examined first.
Step 2a: Support 279 meets all the criteria for a feasible candidate support.

Step 2b: Rescheduling flexibility measure calculation. The flexibility measure

for support 279 is 92 * (600/55) = 1003.

Step 2c: Comparison. Since support 279 is the first candidate support, its

flexibility measure is the incumbent flexibility measure.
Support 319 will be examined.
Step 2a: Support 319 meets all the criteria for a feasible candidate support.

Step 2b: Rescheduling flexibility measure calculation. The flexibility measure

for support 319 is 65 *(320/60) = 346.6.
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Step 2b: Comparison. Since 1003 >  346.6, support 279 remains the
incumbent candidate support. Since no other candidate supports were identified,

support 279 is the second rescheduled support.

Step 3: Determineif a successful interchange can be accomplished. A free time
block greater than 55 must be found for a successful interchange to occur. At RTS
PIKE-A, a free time Block of 56 was found, which indicates a successful intérchange
can occur. Now thé unscheduled and two rescheduled supports are updated to reflect
their new RTS énd start times. Therefore, support 300 is added to RTS LION-B
with a start time of 422 ( 407 + 15 minute turnaround time), support 324 is updated
to GUAM-A with a start time of 759, and support 279 is updated to PIKE-A with

a start time of 758.

SRS Heuristic Summary

In this chapter, the SRS heuristic approach was explained. The approach ‘
attempts to duplicate the scheduler logic in scheduling the most restrictive supports
(low aititude satellite supports) first and then schedule the medium and high altitude
supports around the low altitude supports. Additionally, the most difficult medium
~ and high altitude supports are scheduled first and the supports with the shortest

request length and longest visibility window are scheduled last.

\The heuristic follows this logic with a two phase procedure that schedules
as m;ny low altitude supports as possible first and then schedules as many of the
medium/high altitude supports as possiblé. In each phase, the schedule genera-
tion a.# orithm initially schedules as many satellite supports as possible. Then the
schedule improvement procedure attempts to adjust the schedule so that unsched-
uled satellite supports can be added to the schedule. For low altitude satellites, a
linked mixed integer programming approach is used to initially generate a schedule.

A two satellite interchange procedure then attempts to add a previously unsched-

uled low altitude support to the schedule by rescheduling a scheduled low altitude
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support. For the medium and high altitude supports, an insertion procedure adds
these supports to the schedule. After the insertion procedure is completed, a three
satellite interchange procedure is performed to see if an unscheduled medium/high
aititude suppbrt can be added to the schedule by rescheduling two previously sched-

uled medium/high altitude supports.
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V. SRS Results

Overview

This chapter will examine the results of our testing of the SRS heuristic al-
gorithm using real AFSCN data. Six data sets, containing the required satellite
support information for the week of 12 Oct to 17 Oct 1992,.were provided by Ken
Chambers, technical advisor, 21 SOPS. Each data set was an ASCII file of the AS-
TRO general list database and represented a day cf satellite support requirements.
Both the satellite support requests and RTS downtime requirements were included

when generating a 24 hour schedulé. Four key areas will be discussed in this chapter:

. summary of results for each day

. cofnparis‘on of results with those of the IBM study and with those of present

day range schedulers
e analysis of unscheduled supports
e algorithm limitations

The summary of results will include statistics on the number of low and
medium/high altitude satellite supports requested and those actually scheduled.
This statistic provides an indication of how successful the élgbrithm was in scheduling
supports. The comparison with the IBM study and current schedulers will exam-
ine the percent of supports scheduled by these two approaches versus the percent
scheduled by our heuristic. The section on unscheduled supports will categorize
unscheduled supports and provide an example of each category. The limitations sec-
tion will discuss limitations of the algorithm and the types of satellite supports not

included when generating a schedule.




Results

Overview. Overall, the results from the a‘lgorithm were very encouraging.
For each data set. at least 90% of all satellite support requests were scheduled. Ta-
ble 5.1 shows the percent of supports scheduled for each data set. Appendices C
through G éontain the generated schedule for each day and a listing of the unsched-

uled supports.

Table 5.1 Summary of Results, Percent of Supports Schedule

Total # of Supports Low Altitude Sup High Altitude Sup
Day | # Req || # Schd || % Schd || # Req || # Schd || % Schd || # Req || # Schd || % Schd
Day 1 352 324 92.0 153 146 95.4 199 176 88.4
Day 2 357 130 92.5 152 146 95.3 205 184 89.7
Day 3 371 341 92.0 156 150 96.1 215 191 89.0
Day 4 367 41 93.0 151 145 96.0 216 196 90.5
Day 5 361 329 91.1 154 149 96.7 207 180 87.0
Day 6 356 327 91.8 151 146 96.7 205 181 88.2

Comparison of Results with Current System and IBM Study

The results generated in this research effort will be compared with the current
manual system and the IBM study. The results used in the comparison will be the

percentage of supports scheduled and RTS utilization.

Percentage of Supports Scheduled.  According to Francis Wong, Supervisor of
Planning, 21 SOPS, who has 25 years of scheduling experience, the current schedulers
successfully schedule between 95% and 98% of all supports requested in the initial
24 hour schedule(Wong, 28 January 1993). Therefore, between 2% and 5% of the
supports are in conflict. The IBM study reported results for three days with 98%
of the supports scheduled in the first day, 99% scheduled the second day and 92%
of the supports scheduled in the third day. Table 5.2 shows the results of the IBM

study.
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Table 5.2. IBM Summary of Results

[Day [ # Req || # Schd | % Schd || # RTS antermas |

Day 1| 291 286 98 o 12
Day 2 || 292 |. 289 99 12
Day 31§ 339 313 92 12

(Arbabi,1984:62) (Arbabi,1985:277)

The results generated by this research effort are slightly lower than the results
of both the current schedulers and the IBM results. A possible reason for this is
the hard time window and turnaround time assumption stated in Chapter I. The
scheduling input data for this research is fixed, while in certain cases, the current
range schedulers and IBM systems allowed slight modifications of the scheduling |
input data. Since there is no sfandard set of test data-,b a direct comparison between

~ the three methods is not possible al this time.

Analysis of Unscheduled Supports

‘As shown in the summary of results section, approximateély 8% of the supports

each day were not scheduled. There are two reasons why a support is not scheduled:

___ thesupport conflicts with scheduled supports and/or RTS downtime during its
visibilify window.
e a support whose beginning of visibility plus its request length is greater than

the end of the day.

Support Conflicts with another Support/RTS D‘qwntime In some cases,
a support cannot be scheduled since all possible scheduling locations for this support
overlap with previously scheduled supports and/or RTS downtime. In our testing,
all unscheduled low altitude satellite supporté fell into this category as well as some
unscheduled medium/high altitude satellite supports. An example of an unscheduled

medium/high altitude satellite in this c tegory is support number 342 (IRON 4845),
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which was requested m day 5. Support 342 had a turraround time of 15 minutes, a
support length of thirty minutes, and was visible to INDI-A, REEF-A, LION-A and
. LION-B between 30 and 120. Support 342 could not be inserted into the schedule
at any of the above RTSs for the following reasons. At RTSs INDI-A and LION-A,
‘the support conflicted with RTS downtime and/or a scheduled low altitude support.
At LION-B and REEF-A, the support met conflicted with scheduled medium/high
supports and a scheduled low altitude support. The scheduled high altitude satel-
lites at RTSs LION-B and REEF-A met at least one of the following two criteria: 1)
a shorter support requifehent length (the support could be inserted into a smaller
time block) or 2) a higher support length to time window ratio (the support w:as

inserted into the schedule before support 324) . o

Beginning of visibility at the end of a day Some medium and high altitude
supports have their beginning of visibility window start at the end of one day \vhile
the end of their visibility window falls in the next day. In some cases, the support h%as
a long support requirement length such that the beginning of visibility plus suppo;rt
length is greater than the end of the current day. In this case, the SRS algorithm does
not schedule the support since the algorithm treats each day independently and does
not attempt to schedule supports across days. This problem will be discussed more
in depth in the algorithm limitations section. An example of a support that could not
be scheduled and félls into this category is support 502. This support had a support
length of one hour and a beginning of visibility time of 1402. Support 502 could
not be scheduled since its support length plus visibility time (1402 + 60 > 1440)
overlapped into the next day. {Note: 2400 in hhmm fcrmat equals 1440 when the

day is depictéd in minutes)

Algorithm Limitations

There are two primary limitations that prevent this algorithm from attempting

to schedule every type of support. First, special case supports were not attempted.




Examples of special case supports would be a hot-handoff support request, an inf_erva.l

request, and a simultaneous support request. A hot-handoff request is where an
extremely long support must be serviced by more than one RTS antenna an(i the
support must be “handed off” from one antenna to the next. An interval support
request is where a satellite must have supports every “X” hours. A simul_t;‘aneous
support is where a single satellite is supported on two RTS antennas simultaneously.
Special case supports do not occur on a regular basis and these supports wéuld

most likely be scheduled before any other medium/high altitude satellite supports.

Finally, the algorithm looks at only one day at a time when scheduling supports.

Therefore, the algorithm does not attempt to schedule a support across days; i.e.
when the support begins at the end of one day and i. completed in the beginning

of the next day. Suggestions on how to correct these limitations are presented in

Chapter VI.




VI. Conclusions and Recommendations
Conclusions

Satellite range scheduling (SRS) is a complex problem that involves schedul-
ing satellite supports in which a satellite and a specific remot= tracking station are
assigned a time window during which they communicate with each other. As the
number and complexity of satellite supports continue to increase, more pressure is
placed on the current manual system to efliciently schedule all possible supports.
Therefore, finding ways to automate all or sections of the current satellite range
scheduling process will decrease the time required to generate a schedule and in-
crease the range scheduler’s capability. The objective of this research etfort was to
dévelop a methodology to automate the initial 24 hour schedule. The goal of the
scheduling algorithm was to maximize the number of conflict free satellite supports
scheduled. The methodology developed was a two pronged approach of schedule
generation algorithms and schedule improvement algorithms. The schedule gener-
 ation algorithms were a MIP linking procedure for low altitude satellites and an
insertion procedure for medium/high altitude satell’*es. The schedule improvement
algorithms were a two satellite interchange algorithm for low altitude satellites and a
three satellite interchange procedure for medium/high altitude satellites. The heuris-
tic uses a two phased approach to generate a schedule. Tor each phase, a schedule
is first generated using the schedule generation algorithm and then the schedule im-
provement algorithm attempts to schedule an unscheduled support by rescheduling a
scheduled support. In the first phase, low altitude satellites are scheduled using the
MIP-linking procedure and the two satellite interchange algorithms. In the second
phase, medium/high altitude satellites are scheduled using the insertion proceduire

and the three satellite interchange algorithm.

A schedule was generated for six representative data sets with promising re-

sults. For each data set, at least 91% of all satellite supports were scheduled. These
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results are slightly lower than the results of the current range schedulers and the

results of a previous IBM study. A possible reason for this difference is the assump- ;
tion in this research effort that all scheduling inputs are fixed. Based on the results ’ , /.
reported, the methodology presented in this research effort seems to be a valid ap- 1

proach for autdmating the initial 24 hour schedule. The primary limitation of the
algorithm is its inability to schedule every type of satellite support. Supports that
need to be scheduled across days and special case support requests are not scheduled
in the current algorithm. These support requests would have to be'ma,nua‘lly sched-
uled if the algorithm was impleménted in its current state. Suggestions are made in
the following recommendations section for possible enhancements of the algorithm

so that all support types can be scheduled.

Recommendations

This section concentrates on four areas: 1) further testing of the current algo-
rithm, 2) additional research to enhance the current scheduling algorithm, 3) sugges-

tions on how to eliminate some of the limitations of the algorithm and 4) suggestions

on how to standardize testing for future SRS automation efforts.

The first recommendation is that further testing of the current algorithm should ; :;'-4'\” 
take place to develop a better uhderstanding of the algorithm’s capabilities and i

limitations. The algorithm should be tested on additional data sets to 1) verify the

algorithm’s stated capabilities and limitations and 2) determine if any additional

capabilities or limitations of the algorithm exist. PoA

The second recommendation is that further investigation should take place to o

determine what enhancements of the current algorithm could be accomplished. Two

Pl
e T
K aTIET

o R

possible enhancements would be to expand the search for candidate supports in the

three satellite interchange procedure and to develop algorithms to schedule special

L

b g g

case supports. The first possible enhancement of the curreut algorithm would be

to expand the search for candidate éupports in the high altitude three satellite in-
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terchange procedure. The current procedure examines only one candidate support,
based on the best scheduling flexibility measure. Expanding the number of candi-
date supports would increase the execution time of the algorithm but also increase
the chance that an unscheduled support can be scheduled. The second possible
enhancement would be to develop algorithms to handle the special case requests.
Special cases, by their nature, do not occur on a regular basis and have a high pri-
ority. Therefore, these cases would be scheduled before any mediﬁm/ high altitude
supports and in some cases preempt low altitude satellite supports. An example of
this would include a procedure that allows high altitude satellites with long support
requirements to divide the support up so that two or more RTSs would perform a
“hot handoff”. In this procedure, if the entire support couldl not be scheduled at
one RTS, the support would be divided up into segments and “hot handoffs” would
occur between the RTSs the support was scheduled at. Currently, schedulers have
to manually schedule special case supports. It is not clear whether an automated

approach would significantly aid in the scheduling process for these supports.

The third recommendation would be to correct the limitation of not being
able to schedule a support over more than one day. This could be accomplished by
building a partial two day schedule. In this procedure, a partial schedule would be
built for the second day that consisted of only known low altitude supports. Under
this appréa.ch, the flow of the scheduling algorithm wouid be changed in the following
manner. The MIP linking procedvrz and two satellite interchange procedure for a
given day (labeled day 1) would be accomplished exactly as they are now. However,
before the medium/high altitude supports are attempted to be inserted into the
schedule (for day 1), known low altitude supports for the next day (day 2) would
be scheduled using the MIP approach. The medium/high altitude supports would
then be inserted into the schedule for both day 1 and day 2. The only medium/high
altitude supports scheduled in day 2 would be the supports that were scheduled for

both days. For example, in this approach, a support that had a two hour support
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requirement, buf had a beginning of visibility time of 2300 could now have a start
time of 2330 on day 1 with the support ending at 0130 on day 2 at a given RTS.
Then when the 24 hour schedule for day 2 is developed, these scheduled supports

must be accounted for so that overlapping supports are avoided.

The last recommendation concerns the automation of the satellite range schedul-
ing process. According to Lt Greg Schultz, S‘RS project officer, a program that au-
tomates a porticn or all of the SRS scheduling process has a tentative completion
deadline of vearly 1996 (Schultz: 11 Feb 1993). To facilitate comparison between
automation efforts, a set of test data broblems should be developed. Therefore, the
different automated scheduling programs would generate a schedule for each data

set and the results of each program could be objectively compared.




Appendiz A. SRS Modeling Software.

Overview

The SRS model was developed using three software packages/ programming
languages. The computer code for the data input table program and linking pro-
cedure were written in FORTRAN. The MIP formulation was modeled with The
General Algebraic Modeling Software (GAMS). The interchange procedures and in-
sertion procedure were programmed in Borland Turbo Pascal 6.0. Both the FOR-
TRAN programming code and the GAMS software were run on a VAX/VMS 6420
mainframe computer. GAMS has a PC version of its software that has the same ca-
pability as the mainframe version. The Turbo Pascal software was run on a UNISYS
PW?Advantage PC computer. The GAMS software was chosen to create the MIP
model of the SRS problem for two reasons: 1) data input tables can be created off
line and read into the model and 2) the constraints of the model are represented alge-
braically in GAMS. The Turbo Pascal 6.0 was chosen because of its code generation

and debugging features, and its compatibility with the existing ASTRO system.

This appedix contains information in the following areas:

o FORTRAN MIP Linking Procedure Code

GAMS programming code

sample GAMS data input table ~

e Turbo Pascal code

FORTRAN & GAMS Code

FORTRAN Code. The FORTRAN code was developed to 1) generate input
tables for GAMS, and 2) link MIP blocks together. The code used to perform these

functions is shown below:
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CHRERRARRRERRRER AL AR KRR KRR KRR AR ERR AR R R R AR KRR AR R R R RS
PROGRAM NAME: IPLINK

REV DATE OF
NO. CHANGE DESIGNER =~ CCR -DESCRIPTION

000 12N0V92  T.GOOLEY ‘ ORIGNIAL RELEASE

Program Description: Links results of 1st MIP run
to the next MIP run

Indices: I- support No.: J- RTS
Array Description:
Xx(1,3) - holds the feasible combinations of support/RTS

ABV(I,J) - holds beginning of visibility information
AEV(I,J) - holds end of visibility information

R(i,j) - holds support length requirments

W(i) - holds weight or flexibilty value

VAL(I,J) - holds the MIP schedule from the last
MIP block

DOWN(j) - holds the lastest RTS reéource-usage
from last block
holds the RTS names: POGO-A, etc.

c
<
c
c
c
c
c
c
<
c
c
c
c
c
[
c
c
c
c
<
<
c
c
<

AGS(3)

PROGRAM SORT
INTEGER I,J,K,REQ,NUM,INDEX,IREV
INTEGER, INREV,SNUM,RUM5,SCHD(150)
CHARACTER#78 line,LINE1
CHARACTER*3 GGTS(18)
CHARACTER*6 GTS,crev,AGS(18)
CHARACTER*4 CBV1,CEV2,CREQ
INTEGER TA,BV,EV,BST,EST,ID,IDENT,csum,MAX,sdt,FL
INTEGER TO(150),D1,NWI(400),ST(150,18),VAL(150,18)
REAL 2EV,W(150),V(150,18)
INTEGER R(150,18), X(150,18),ABV(150,18),AEV(150,18)
INTEGER CNT, CNT1,DOWN(18),FL1,RE(150,18)
IREV=0.0
OPEN(UNIT=10,FILE=’SUP.DAT’,STATUS="UNKNOWN’)
OPEN(UNIT=9,FILE="SINPUT1.DAT’,STATUS='UNKNOWN’)
OPEN(UNIT=19,FILE=’SUP1.DAT’,STATUS=’UNKNOWN’)
OPEN(UNIT=12,FILE=’NTABLE1.DAT’ ,STATUS="UNKNOWN’)
OPEN(UNIT=22,FILE='avg.DAT’,STATUS="UNKKOWN’)

. OPEN(UNIT=21,FILE="HOLD.DAT’,STATUS='UNKNOWN’)
OPEN(UNIT=11,FILE="HOLD1.DAT’,STATUS='UNKNOWX’)
OPEN(UNIT=32,FILE="sch.DAT’,STATUS='UNKNOWN’)
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OPEN(UNIT=31,FILE=’strt.DAT’,STATUS='UNKNOWN’)
OPEN(UNIT=33,FILE=’REQ.DAT’ ,STATUS=’UNKNOWN’)
OPER(UNIT=99,FILE=’TELP.DAT’,STATUS="UNKNOWN’)

1=0
. IDENT=0
AGS(1)="POGO-A’
AGS(2)='P0GO-B’
AGS(3)='P0G0-C*
AGS(4)="P0GO-D’
AGS(S)="HULA-A’
AGS(6)="HULA-B’
AGS(7)="COOK-A’
AGS(8)=’COCK-B’
AGS(9)="INDI-A’
AGS(10)="INDI-B*
AGS(11)="B0OSS-A’
AGS(12)=’B0SS-B’
AGS(13)="LION-A’
AGS(14)=’LION-B’
AGS(15)=’GUAM-A’
AGS(16)='GUAM-B’
AGS(17)=’PIKE-A’
AGS(18)=’REEF-A’
GGTS(1)=’P-A"
GGTS(2)="p-B’
GGTS(3)="pP-C’
GGTS(4)="pP-D’
GGTS(5)="H-A’
GGTS(6)="H-B’
GGTS(7)="C-A’
GGTS(8)="C-B’
GGTS(9)="I-A"
GGTS(10)=’I-B’
GGTS(11)=’B-A’
GGTS(12)=’B-B’
GGTS(13)="L-A"
GGT5(14)="L-B’
GGTS(15)="G-A’
GGTS(16)='G-B’
GGTS(17)=’ PI’
GGTS(18)=’REF’
DO 11 J=1,150
DO 12 K=1,18
NEVI(J)=0
X(J,K)=0
ABV(J,K)=0
AEV(J,K)=0
RE(J,K)=0
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w(J)=0
R{J,K)=0
TO(J)=0
DOWN(K)=0
SCHD(J)=0
12 CONTINUE
11 CONTINUE

c
C LOAD DATA FILES FROM LAST IP RU
c .
MAX=0
5 READ(10,FMT=99,ERR=111,END=111) SNUM,I,GTS
99 FORMAT(16,2X,16,1X,A6)
IF (I .GT. MAX) MAX=I
GOTO 5

111 DO 77 J =1,5
READ(32,FMT=123) LINE
READ(33,FMT=123) LINE
READ(31,FMT=123) LINE

123 FORMAT(A78)

77 CONTIRUE

DO 21 J =1, MAX
READ(31,FMT=32) K,(sS7(J,K),K=1,10)
READ(33,FMT=32) K,(RE(J,K),K=1,10)
21 CONTINUE

32 FORMAT(I4,1X,10I5)

DO 7 J =1,3
READ(31,FMT=123) LINE
READ(33,FMT=123) LINE

7 CONTINUE

DO 41 J = 1, MAX
READ(31,FN¥T=31) K,(ST(J,K),K=11,18)
READ(33,FMT=31) K,(RE(J,K),K=11,18)
41 CONTINUE
31 FORMAT(14,1X,8I5)

DO 1J =1, MAX
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READ(32,FHMT=2) K, (V(J,K),K=1,10)
1 CONTINUE
2  FORMAT(I4,1X,10F5.1)

DO 666 J =1,3
READ(32,FMT=123) LINE
666 CONTINUE

DO 4 J =1, MAX
READ(32,FMT=3) K, (V(J,K),K=11,18)
4 CONTINUE .
3 FORMAT(I4,1X,8F5.1)

DO 46 J = 1,MAX
DO 47 K = 1,18
VAL(J,K)= NINT(V(J,K))
47 CONTINUE
46 CONTINUE

DO 1110 J= 1,MAX
WRITE(99,409) J,(VAL(J,K),K=1,11)
1110 CONTINUE

DO 1120 J= 1,MAX
‘ WRITE(99,419) J.(VAL(J,K),K=12,18)
1120 CONTINUE

DO 2110 J= 1 ,MAX
WRITE(99,409) J,(ST(J,K),K=1,11)
2110 CONTINUE

DO 2120 J= 1,MAX
WRITE(99,419) J,(ST(J,K),K=12,18)
2120 CONTINUE

a

END OF DATA LOAD SEGMENT

Q

DETERMINE THE LATEST TIME GTS J WAS USED IN LAST 1P

DO 36 K = 1,18




DO 34 J= 1,MAX :
IF(VAL(J,K) .GT. .5 ) THEN
SDT=0
SDT=ST(J,K}+RE(J,K)+20
IF (DOWN(K) .LT. SDT) DOWN(K) =SDT
: ENDIF
3¢ CONTINUE
36 .CONTINUE

c .
Cc . ERD GTS SECTION
c
c .
C DETERMINE SUPPORTS THAT WERE SCHEDULED IN LAST IP RUN
REWIND(10)
6 READ(10,FNT=99 ,ERR=112,END=112) SNUM,I,GTS
NUM5=0
DO 8 J= 1,18
NUMS=NUMS+VAL(I, J)
8 CONTINUE
IF (NUMS .GT. 0) SCHD(I)=SNUM
GOTO 6
c
C END OF SUPPORT SEGMENT
C v :
112 -~ I=0
C T T .
C READ IN DATA FROM FILE OF SUPPORTS THAT BV WAS LATF" THAN
C LAST TIME
c :

10 READ{(21,FMT=98,ERR=200,END=200) SNUM,GTS,bv,ev,req,
* TA,IDENT,REV
98  FORMAT(I4,1X,A6,I15,15,15,1X,12,1X,I4,1X,F6.1)

FL=0
K=0
DO 35 J = 1,18
IF (GTS .EQ. AGS(J)) THEN
K=J
ENDIF
35 CONTINUE
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IF (X .EQ. 0) GOTO 10
IF (REQ .LT. 10) GOTO 10

CHECK SUPPORT AGAINST SCHEDULED SUPPORTS FROM LAST TIME
IF SUPPORT WAS SCHEDULED LAST TIME SKIP IT

aOaaOaon

.DO0 122 J = 1, MAX
IF (SCHD(J) .EQ. SNUM) FL=1
122 CONTINUE
IF (FL .EQ. 1) GOTO 10

‘ IF (I .GE. 75) THEN
! WRITE(11,98) SNUM,GTS,bv,ev,req,TA,IDENT,REV
GOTO 1¢
ENDIF

c END OF SUPPORT CHECK
C
i

FLAG=0
: cnt=1
, ‘enti=1
' DO 23 ] = 1,150

IF (NWI(J) .GT. 0) CNT1=CNT1+1

; IF (SNUM .EQ. NWI(J)) THEN
| CNT=J
} FLAG=1
‘ ENDIF
23 CONTINUE

IF ( FLAG .EQ. 1) THEN
I=CNT

ELSE
I=CNT1
NWI(I)=SNUM

ENDIF

WRITE(19,99) SNUM,I,GTS

K=0
DO 25 J = 1,18
IF (GTS .EQ. AGS(J)) TEEN
K=3
ENDIF
25 CORTINUE
IF (X .EQ. 0) GOTO 10




X(I,K)=1
ABV(I,K)=BV
AEV(I,K)=EV

TO(I)=TA
R(I,K)=REQ
|
|
‘ c
- C READ NEXT RECORD
| . C
| GOTO 10
. C
C CLOSE FILES
c
\ c
| C DETERMINE WEIGHT OF VARIABLE
200 Csum=0
Do 22 J= 1,1
SUM=0

SUM=SUM+X(J,K)
211 CONTINUE
IF (SuUM .GT. 0) THEN
W(J)=1/suM
ENDIF
csum=csum+sum
22 CONTINUE
write(22,97) i,csum
97 FORMAT(I5,2X, I8)

\
|
|
| DO 211 K=1,18
|

[+ .
"¢ Determine overlap in GTS usage from last GAMS run
c

DO 13 K=1 ,18
DO 911 J=1, I
IF (DOWN(K) .GT. ABV(I,K) .AND. ABV(I,K) .GT. 0) THEN
PRINT #*, ’ABV = ’,ABV(I,K)
PRINT *, °DOWN = ’,DOWN(K)
PRINT », * I = *, I, K =’'K
X(I,K)=0
ENDIF
911 CONTINUE
13 CONTINUE

c
C WRITE TABLES TO FILE
C CREATE GTS HEADING
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WRITE(12,102)
102 FORMAT(SX,’SETS’)
103 FORMAT(’' I  supports /1%’,I3,'/’)
WRITE(12,103) I
WRITE (12,900)
900 FORMAT('’ ; ")
WRITE (12,105)
105 FORMAT(7X,’J GTS’)
D0 19 J = 1,18
IF (J .EQ. 1) THEN
WRITE(12,106) GGTS(1)
106 FORMAT(8X,’/’,A3)
ENDIF
IF (J .EQ. 18) THEX
: WRITE(12,110) GGTS(18)
110 FORMAT(10X,A3,7/;?)
ENDIF
IF (J .GT. 1 ..dD. J .LT. 18) THEN
WRITE(12,107) GGTS(J)
107 FORMAT(10X,A3) "
ENDIF
19 CONTINUE
WRITE (12,900)
WRITE(12,104)
104 FORMAT(2X,’ALIAS(I,H);’)
WRITE(12,900)
WRITE(12,991)
991 FORMAT(’SET OFFDIAG(I,H);’)
WRITE(12,992)
992 FORMAT(’OFFDIAG(I,H)=YES$(ORD(I) ne ORD(H));*)
WRITE(12,900)
WRITE(12,997)
997 FORMAT(’SCALAR M large positive constant /5000/;‘)
WRITE (12,900)
WRITE (12,201)

< Write TAT and Weight for each Support

201 FORMAT(’PARAMETERS?’)
WRITE (12,900)
WRITE(12,302)
302 FORMAT(’ TO(I) turnaround time of a support’)
pDosgJ=1,1I
IF (J .EQ. 1) THEN
WRITE (12,303) J, TO(J)
303 FORMAT(4X,%/’,14,2X,13)
ENDIF
IF (J .GT. 1 .AND. J .LT. I) THEN
WRITE (12,304) J,T0(J)




304

305

59

N
402

411
48

45
409

421
466

467
419

401

[e N ¢

108

28
29

38

- FORMAT(SX,14,2X,13)
ENDIF
IF (J .EQ. I) TEEN
WRITE (12,305) J,T10(J)
FORMAT(5X,14,2X,13,’ /;*)
ENDIF
CONTINUE
WRITE(12,900)
WRITE(12,900)
WRITE(12,402)

Write Support Pequirement Talle f:r each suppore

FORMAT(’TABLE RB{I, (.} reguest lexge: sucperts of @ and

WRITE(12,5C0)
DO 48 K=1,1
WRITEC12,411) (GGTS!J),l=1.11)
FORMAT(SX, 1146}
CONTINUE
DO 45 3 = 1, I
WRITE(12,408) 1, (R{J.K} .K=1,12)

CONTINUE
FORMAT(14,1X,1116)
DO 466 K=1,1

WRITE(12,421) (GGTS(J),J=12,18)
FORMAT(3X,’+’,1X,TA6)
CORTINUE
DO 467 J =1, I
WRITE(12,419) J,(R(3,K),K=12,18)
CONTINUE
FORMAT(I4,1X,716)
WRITE (12,401)
FORMAT(2X,’;’)
WRITE(12,900)
WRITE(12,108)

Write Feasible Support /RTS combinations table

FORMAT(’TABLE N(I,J) feasible supports of i and ;’)
WRITE(12,900)
DO 28 K=1,1

WRITE(12,411) (GGTS(J),J=1,11)
CONTIBUE ‘
D023 =1,1

WRITE(12,409) J,(X(3,K),K=1,11)
CONTINUE
DO 38 K=1,1

WRITE(12,421) (GGTS(J),J=12,18)
CONTIRUE
D03 JI=1,1I

WRITE(12,419) J,(X(J,K),K=12,18)
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39 CONTINUE
WRITE (12,901)
Sut  FORMAT(2X,’;’)
WRITE(12,900)
WRITE(12,508)
C .
c Write Beginning of Visibility Table
[+
§08 FORMAT(’TABLE BV(I,J) begining of visibility’)
WRITE(12,900) ‘
DO 52 K=1,1
WRITE(12,411) (GGTS(J),J=1,11)
52 CONTINUE
D0sS3J=1,1
WRITE(12,409) J,(ABV(J,K),K=1,11)
53 CONTINUE
WRITE(12,900)
DO 62 K=1,1
WRITE(12,421) (GGTS(J),J=12,18)
62 CONTINUE
poeée3J=1,1
WRITE(12,419) J,(ABV(J,K),K=12,18)
63 CONTINUE
WRITE (12,901)
WRITE (12,900)
WRITE(12,608)
[
¢ Write End of Visibility table
[

© 608 FORMAT(’TABLE EV(I,J]) ending of visibility’)
WRITE(12,900)
DO 78 K=1,1
WRITE(12,411) (GGTS(J),J=1,11)
78 CONTINUE |
D0O793=1,1I |
WRITE(12,409) J,(AEV(J,K),K=1,11)
79 CONTINUE ﬂ
WRITE(12,900)
DO 88 K=1,1 g
WRITE(12,421) (GGTS(J),J=12,18)
88 CONTINUE
po8s J=1, 1
WRITE(12,419) J, (AEV(JI,K),K=12,18)
89 CONTINUE
WRITE (12,901)
write(12,900)
WRITE(12,994)
994 FORMAT(’SET D(I,H,J);’)
WRITE(12,995)

995 FORMAT(’D(I,H,J)=YES$N(H,J)$N(I,I)$OFFDIAG(H,I);’)
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i oy o RIS

, WRITE(12,996) _
996 FORMAT(’D(I,H,3)$((BV(I,J) GT EV(H,J) ~ TO(I)) OR
*«(EV(I,J) +TO(H) LT BV(H,J))) =NO;’)
‘WRITE(12,900)
300 PRINT »,’ NUMBER OF SUPPORT IS’,I
CLOSE(10) :
CLOSE(9)
CLOSE(19)
CLOSE(33)
CLOSE(32)
CLOSE(31)
CLOSE(22)
CLOSE(21) .
CLOSE(12)
CLOSE(41)
CLOSE(42)
END
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GAMS Code.  The following GAMS model was developed and run for each
SRS MIP block

CCEERREREREERER R R AR R R AR AR KR T R R RN RIS R R AR R RE RS Rk Rk R ek
PROGRAM NAME: SRSL1.GMS

Purpose: To generate the GAMS SRS MIP model for one block of data
The file ntable.dat was created off line and contains all the set

definiations, parameter values and input tables required for the
GAMS model to run

o 00 0 00 00

sets jj(j) dynamic subset of i to hold columns for subtable
cc(j) dynamic subset of i to hold unprinted columns
s subtables / 1%12 /;

'

scalar maxcol;

i
|

$include "ntable.dat"

I
VARIABLES |
1
- ST(I,J) start time for suppori i at GTS j
X(I,J) support i and GTS j 1 if support occurs 0 otherwise
Y(H,1,J) relax or enforce constraint for supports k i and GTS j

z total weighted numbe£ of supports scheduled

. \
POSITIVE VARIABLE ST;
BINARY VARIABLES X,Y;

EQUATIONS

SCH obj function - weighted number of supports scheduled
SUPONE(I) schedule support only once

BEGSUP(I,J) schedule support after its beginning visibility
ERDSUP(I,J) schedule support before its end of visibility
NCCSUP1(J,I,H) no concurrent supports on a GTS j ST_i 1t ST_j
NCCSUP2(J,I,H) no concurrent supports ST i GT ST h

SCH.. Z =E= SUM((I,J)$N(I,]), X(1I,3));
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SUPONE(I).. SUM(J$N(I,J), X(I,1)) =L=1;
BEGSUP(I,J)$N(I,J)... ST(I,J) =G= BV(I,J)*X(I,J);

ENDSUP(I,J)$N(I,3).. ST(I,J} =L= (EV(I,J)-R(I,J))*X(I,J);

NCCSUP1(J,I,H)$D(I,B,J).. ST(I,J) + R(I,J) + TO(H) =L=
' ST(H,J) +M*Y(H,I,J) + M*(1-X(I,1))
+ Mx(1-X(H,3));
NCCSUP2(J,I,H)$D(X,B,1).. ST(I,J) =G= ST(E,J) + R(H,J) + TO(I)
' -M*(1-Y{H,T,3))-M+(1-X(I,2))-M*(1-X(H,J));

MODEL SCHEDULE SRS Scheduling Solutiom /ALL/;
OPTION ITERLIM=5000000;

OPTION aESL1n=1ooboo;

SOLVE SCEEDULE usiic MIP MAXIMIZING Z;

DISPLAY ST.L, X.L;

CHERERERRRRERERERRERERRT R R SR RRARKDRRRIRRRR KRR RR kR AR AR AR
c

¢ The following commrads are used to write the results of a
¢  GAMS MIP run into formateed ASCIT files

c .

file res /sch.dat/;

- res.pw = 78;
put res ’ table x(i,j) this is a table of scheduled supports’/;
3i(j) = no; :
cc(j) = yes;
loop(s$card(cc),
maxcol=floor(res.pw/7-1);
loop{cc$maxcol,
jjlec) = yes;
maxcol=maxcol-1);
if((card(cc) ne card(j)), put // ’'+':6);
if((not(card(cc) ne card(j))), put // * ’:6 );
loop(jj, put jj.tl:>5); put /;
loop(i,
put / i.tl:5;
loop(jj, put x.L(i.3j3j):5:0) );
cc(jj) = no;
§i33) = no ); :
put$card(cc) // ?#*** more than ’ card(s):0:0 ’ subtables’
/ t#exx 7 card(cc):0:0 ’ columns not written’;
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abort$card(cc) ’not all columns were printed’ , cc;
file resi /strt.dat/;
resi.pw = 78;

put resi ’ table st(i,j) this is a table of support start times’/;
3i(j) = no; '
cc(j) = yes;
loop(s$card(cc),
maxcol=floor(res1.pw/7-1);
loop(cc$maxcol,
jjlece) = yes;
maxcol=maxcol-1);
if((card(cc) ne card(j)), put // *+':6);
it((not(card(cc) ne card(j))), put // ’ *:6 );
loop{jj, put jj.tl:>5); put /;
loop(i,
put / i.tl:5;
loop(jj, put st.L(i,jj):5:0) );
cc(jj) = no; .
ji€33} = no ); , .
put$card(~c) // ’»#** more than ’ card(s):0:0 ° subtables’
/ '*%x% ? card(cc):0:0 ’ columns not written’;
abort$.ard(cc) ’not all columus were printed’ , cc;

file res2 /req.dat/;
res2.pw = 78;

put res2 ’ table r(i,j) this is a table of support request times’/;
33(3) = no; - ‘
cc(j) = yes;
loop(s$card(cc),
maxcol=floor(res2.pw/7-1);
loop(ccémaxcol,
jjlce = yes;
maxcol=maxcol-1);
if((card(cc) ne card(;)), put // '+’:6);
if\(not(card(cc) ne card(j))), put // ’' ’:6 );
loop(jj, put jj.tl:>3); put /;
loop(i,
put / i.tl:5;
loop(ji, put R(i,jj):5:0) );
cc(jj) = no;
3i(33) =mo );
put$card(cc) // '#»+* more than ’ card(s):0:0 ’ subtables’
/ ’#»x2 ? card(cc):0:0 ’ columns not written’;
abort$card(cc) ’mot all columns were printed’ , cc;
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GAMS Input Table.  The GAMS input tables are the ouiput of the FOR-
TRAN code displayed above and an input file into the GAMS MIP model. There
were five primary input tables required for the MIP formulation: 1) the feasible
combinaﬁons of supports and RTS (what RTS is. visible to each support), 2) thel
turnaround time for each support, 3).the support requirement time, and 4) the be-
ginning visibility of each support and 5) the ending visibility of each support. Each
record in the database was read in and the appropriate information for each input
table was extracted. The format vof the input tables had to look exactly like a table
hand typed into the GAMS software. A GAMS errovr occurred if the input tables
differed from the specified GAMS format. A sampie input table is shown below:

1 .
GENERAL ALGEBRAIC MODELING SYSTENM
COMPILATION

1

2 .
INCLUDE: GOR93M:[TGOOLEYINTABLE.DAT;1

I’y SETS

5 I SUPPORTS /1* 85/

8

7 3 4TS

8 /P-4

9 P-B

10 P-C

11 P-D

12 H-A

13 H-B

14 C-A

15 c-B

16 I-A

17 I-8

18 B-A

19 B-B

20 L-A

21 L-B

22 G-A

23 G-B

24 PI




25

26

27

28

29

30

31

32

33

34

35
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
161
182
183
154
185
166
157
158
169
160
161

REF/;
ALIAS(I H);

SET OFFDIAG(I,H);
OFFDIAG(I,H)=YES$(ORD(I) NE ORD(H));

SCALAR M LARGE POSITIVE CONSTANT /5000/;

PARAMETERS

TO(I) TURNAROUND TIME OF A SUPPORT

/ 1 20
2 20
3 20
4 20
5 20
6 20
7 20
8 20
9 20
10 20

11 20
12 20
13 20
14 20
15 20
16 20
17 20
18 20
19 20
20 20
21 20
22 20
23 20
24 20
25 20
26 20
27 20
28 20
29 20
30 20
31 20
32 20
33 20
3@ 20
3 20
36 20
37 20
38 20
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162

39

20

GAMS 2.20 VAX VMS

GEYX
COHM

163

164

165
166
167
168
169
170
171
172
173
174
175
176
177
178

179
180

181
182
183
184
185
186
187
188
189
190
191
197
193
194
195
196
197
198
199
200
201
202
203
204
205
206

- 207

E
P

RAL
ILAT

40
41
42
43
44
45
46
47
48
49
50
51
62
83
54
58
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84

ALGEBRAIC
I0NXN

20
20
20
20
20

20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
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20 /;

85

208

211 TABLE R(I,J) REQUEST LENGTH SUPPORTS OF I AND J

212
213
214
218

216
GAMS 2.20 VAX VMS

209
23
GENERAL

B-A

- I-B

P-B P-C P-D H-A HE-B C-A C-B

P-A

15

16

S
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13

217
218
219

13

14

220
221

[#]

is
14

222
223
224
225
226
227
228
229

10
11

14

12
13
14
15
16
17
18
19
20

13

10

16

230
231
232
233
234

16

16

21

14

22

235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250

16

23

24

25
26

15

11

27

28

16

10

16

29

30

O

16

31

14

32

16

33
34
35
36

16

15

37

12

38
39
40

251
252
253

12
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17

41

254
255

13 -

42

17

43
44
45

256 .
257
258
259
260
261
262
263
264
265
266
267
268
269
270

11

17

46

14

47

48
49
50
51

12

12

16

52
63

15

54
§5.
56
57
GAMS 2.20 VAX VMS

16

16

10
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GENERAL

16

58 -
59
60
61

271
T2
273

16

i8

274
- 275

62
63

16 -

276
277
278
279
280
281
282
283
284
285
286
287
288
289
290

291

292

293

294

295

296

297

298
299

[&)

14

64

66
67
68
v
70
71

13

14

16

72
73
74
75
76
77
78
79
80
81

16

16

16

14

16

14

14

16

82
83
84
85

13

13
G-B

REF

PI

G-A
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300
301
302

16

303
304

Ww o~ o N
O O O O QO vt v +t
MO MONHMHMmMmMmmm

12

14
15
16
17

313
314

14

315
316

14

18
19
20
21

317
318
319
320
321
322
323
324

14

22
23
24
25
GAMS 2.20 VAX VMsS

15

13
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GENERAL

26

325
326
327
328
329
330
331
332
333
334
335
336
337
338
339
340
341

27
28

13

13

11

29

11

30
31

32
33
34
35
36

15

14

37
38
39
40

16

41

42

43

342
343
344
345

14

44

46
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47

346

16

48

347
348
349
-350
351

49

16

50
51

52
53
54
55
£6
57
58
59
€0
61

15

352
353
354
355
356
357
358
359

17

14

360
361
362
363
364
365
366
367
368
369
370
37t
372
373
374
375
376

15

62
63
64
65
€6
67
68
€9
70
71
72
73
74

16

12

15

13

15

76
77

8
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©Coo0oCcoo

80
81

379

380
381
382
383
384
385
38¢€

82
83
84
35

.
14

SUPPORTS OF I AND J

\

387 TABLE N(I,J) FEASIBLE

388
339
330

I-B  B-A

I-a

P-C P-D ©E-A

P-B

o

391
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392
393
394
395

396
397
398
399
400
401
402
403
404
405
406
407
408
409
410
411
412
413
414
415
416
417
418
419
420
421

10
11
12
13
14
15
16
17
18
19
20
21

22
23
24
25

27
28
29

30

32

34
35
36

423
424
425
426
427
428

37
38
39
40
41

429
430
431

432
GAMS 2.20 VAX VMS

GEXNERAL

42
43
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45
46
47
48

433
434
435
436
437
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49
50
51

438
439
440
441
442
443
444
445
446
447
448

52

63
. 54

55

56

57 -
58
59
60
61

449
450
451
452
453
454
455
456
457

62
63
64
65
66

67
68
69
70
71

3
459
460
461
462

72
73

74
75

463 .
464
465
466
467
468
469
470
471
472
473
474
4756
476
477
478
479
480
481
482
483
484
485

486
GAMS 2.20 VAX VNS

76 -

77
78
79
80

81

82
83
84

G-B PI  REF

G-A

L-A

B-B

10
11
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P>
Pl
K]
4
:\V
%
&
H
35

Kor Alamy” By s p oy st YO

COMPILATION

12
13
14
15
16

487
488
489
490
491
492
493
494
495
496
497
498
499
500
501

17 -
18
19
20
21

22
23
24
25
26

27
28

502
503
504
508
506
607

29
30
31
32

33
34
35
36

508
509
510
511
5612
513
b14
515

37

38
39
40
41

6
517
618
819
520
521
522
523
524
525
526
527
528
529
830
631
632
833
534

42

43

44
45

46

47

48

49

50

52
53
54
55

66
87

58
59
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© 60

835
536

61

62

837
538
839
540

63

64
65
GAMS 2.20 VAX VMS

GENERAL
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66

541
542
- 543

67
68

69

544
545
546
547
548
549

70

71

72

73
T4
75

550
8§51
552
553
554
558
556
857
" 858

76

77

78

79

80

81

82

83

84

559
560

85

663 TABLE BV(I,J) BEGINING OF VISIBILITY

661
562
564
565
566
567

C-B

C-A

H-B

P-8  P-C

P-A

13

26

568
569
570
671
572
673
574
5§75
576
877
678
679
580

51

54

54

127
138

10
11

139

12
13
14
15

150

169
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16
17
18
19
20

581
682
583

179

217

584
585
586
587
588
589

226

21

234

22
23
24
25

238

590
591
592
593

249

26

268

27

28

343 406
~ 13-JAN-1993 13:40 PAGE
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GENERAL

594

12

SYSTENX

ALGEBRAIC

COMPILATION

30

595
596
597
598
599
600
601
€602
603
604
605

326

31

331

32

335

33

3356

34
35
36
37

364

38
39

367

40

413

41

606 -
607
608
609
610
611
612
613
614
615
616
617
618
619
620
621
622
623
624
625
626

421

42

426

43

44

441

45

449

46

466

47

48

475

49

50

515

51

527

52

&3

539

54

548

113

580

551

56

551

57

559

58
69

567

571

60

61
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62
63

627
628
629
630
631
632
633
634
635
636
637
638

628

625

64
65

66

638

67
€8
69
70

653

660

71

669

72
73
74
75
76

670

639
640
641
642
643
644
645

738

736

739

77

756

78

757

79

769

80

81

646
647
648

792

82

83

GAMS 2.20 VAX VMS
GENERAL

13
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807

84
85

649
650
651
652
653
654
655
656
657
658
659
660
661

662
663
664
665
666

667

668

669
670

671
672

807

G-B PI  REF

G-A

39

81

108

161

119

117

10
11

138

12
13
14
15
16
17
18
19
20

163

173

193

225

A-28




21

673
674
675
676
677
678
679
680
681
- 682

22

23

238

24

244

25

27

271

28

342

324

29

325

30

31

683

32
33

€84
685

34

686
687
688
689
690
691
692
693

340

35

36

355

37

38
39

365

40

41

42

694
695
696
697
698
699
700
701

43

440

44

45

46

47

466

48

49

480
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51
52

703
704
705
706
707
708
709
710
711
712
713
714
715
716
717
718

535

583

54
56

539

56

57

58

59

60

582

61

614
625

62

619

63

64
656

632

636

66
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67
68
69
70
71

. 719

720
721
722
723
724
725
726
727
728
729
730
731
- 732
733
734
735
736
37

€65

668

72
73
74
75
76
77
78
79
80
81

728

771

82
83
84
85

806

S
i
-
]
-
m
-
%
[ ]
o=
[
O
2]
=
L)
a
=
(551
~~
L]
-
Nt
o=
%]
3
= |
*n u
[ 2]
0 oo
M m
~~ 0~

741
742
743
744
745
746
747
748
749
750
751
752
783
754
755

756
GAMS 2.20 VAX VNS

I-B  B-A

I-A

P-B P-C P-D H-A H-B C-A

P-A

28

42

64

67

68

o

142
152

10
11
12
13
14

153

163

15
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179

15
16
17
18

757
758
759
760
761
762
763
764

195

233

19 .
20
21

242

248

22

A-30




23

765
766
767
768

254

24

25

264

26

27 279

769

28

770
771
772

' 346

413

359

362

29

30

342

31

773
774
775

345

32

351

33

351

34
35
- 36

776
777

364 -

778
779

37

376

38

780
781
782
783

39

40

379

430

41

434

42

784
785
786

443

43

44

452

45

787
788
789

466

46

480

47

48

790
791
792
793
794
795

487

49

50

527

51

543

52

83

554

54
-1

796
797
798
799
800
801

554

596

667

56

561

57

575

58

583

59

586

60

802
803
804
805
806
807
808
809
810

61

62

644

63

639

64

65

66

€51

67

669

68

16
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T

69 674

811
812
813
814
815
816
817
818
819
820
821
822
823
824
825
826
827
828
829
830
831
832
833
834
835

70
71

685

72
73

686

74

752

752

76
- T7

753

772

78
79

771

783

80

81

808

82
83

820

84
85

820

REF

PI

L-A

B-B

55

93

836 -
837
838

123

173

133

133

10
11
12

839 -
840
841
842
843

154

175

13
14
15
16
17
18
19
20
21

£

844
845

187

846"
847

207

848
849
850
851
852
853
854
855
856
857
858
859
860
861

239

22
23
24
25

253

257

26
27
28

284

355

338

29
30
31

336

32
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33

862
863
864

34
35

355
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36
37
38
39

865
866

-369

867
868
869

381

40

41

870
871
872
873
874

42

43

454

44

45
46

875
876
877
878

47

482

48

49
g0

51

496

879
880
881

52
&3
54

550

882
883
884
885
886

556

55,
56
57

£8
59

887
' 888

60
61

889

£96

890
. 891

629

634

B+ QN ;

635

63
64

65

892
893
894
895
896
897

644

651

66
67
68
69

898
899

678

70
71

683

800
901
202

72

73
74
75

742

903
904
905
906
907

76
77
78
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998 79 0 0 0 0 0 0 -0
909 80 0 0 0 0 0 0 0
910 81 786 0 0 0 0 c 0
911 82 0 0 ) ) 0 0 0
912 83 0 821 0 0 0 0 0
917 84 0 0 0 o o0 0 0
814 85 0 0 c 0 0 0 0
915 ; ’
916

917 SET D(I,H,JJ;
91§ D(I,H,J)=YESSN(H,J)$N(I,J)$OFFDIAG(H,I);
GANS 2.20 VAX VMS 13-JAN-1993 13:40 PAGE - 18

GENERAL ALGEBRAIC MODELING SYSTENM
COMPILATION )

919 D(I,H,J)$((BV(I,J) GT EV(H,J) + TO(I)) OR(EV(1,J)) +TO(H) L™ BV(H,J)))
=NO;

SRS Heuristic Code

The following Turbo Pascal program was written for the interchange and inscr-
tion procedures utilized in the SRS heuristic. The major procedures in this program

are:

Reads in the SRS low altitude and medium/high altitude databases

Reads in the results of each MIP block

Performs a2 two satellite support interchange procedure

¢ Performs a medium/high altitude support insertion procedure
e Performs a three satellite suppo:t interchange procedure

The Turbo Pascal code for the program is shown below:

program SRS_PROG;

{ Author: Capt Tim Gooley }
{ }
{ Program Description: This program was part of an overall }

A-34




thesis effort to automate the intial 24 hour schedule f-r the
the Satellite Range Scheduling Process.
This program does the following:

1. Reads ir the SRS low altitude and medium/high altitude
databases

Reads in the results of each MIP block

Performs a low altitude support interchange procedure

Performs a medium/high altitude support insertinn procedure }

Performs a medium/high altitude support interchinge procedure}

}

E:

&
1
:

S ™

N WN

ARRAY DEFINITIONS

GAMS MIP progfam. These sup/GTS combos will be read into
schd array for scheduled supports

sup: array containing the satellite support # and all GTS that
are visible to that GTS. data shows that there are not more }
12 GTS visible that a support is visible at. }
EX: SUP[10,2]= 7 means that the 10th support is visible to }

GTS 7, SUP[10,3]=12 ~10th support also visible tq,GTS 12}

bvis: array containing the beginning of visibility for GTS that a }
support is visible to.

evis: array containing the ending of visibility for GTS that a
support is visible to. ) :

schd: array containing supports that are scheduled
SCH[I,1] - support # that is scheduled
SCH[I,2] - GTS support is scheduled at
SCH[I,3] - start time for support
SCH[I,4] - turnaround time for support
SC[I,5] - request length of the support

{unschd: array of unscheduled supports at current time

{turn : array of turnaround times for all supports

{ wgt : array that holds the number of GTSs a support is visible to }

~{space : array that will hold the schedule for an entire day for a }

}

}

’ }

sch: array of scheduled low altitude supports determined by }
}

}

}

L W W e W o W W R N N N N N N e W e T e T T e T e Y T T o T e T e T T e T e W o N e R e W

S b A N G b G L L by

{ GTS. this array is built every time a support is considered}
{ to be scheduled at a GTS }
fhold : in low flier 2-opt interchnage holds unscd support info }
{ BOLD[1,1] - GTSs unshcd support is visible to (hold[i,1]) }
{ BOLD(I,2] - the sup currently at GTS at that time }
{ HOLD[I,3] ~ START TIME of unschd support at that GTS }
{ BOLD(I,4] - TURN of unschd support at that GTS } -
{ HOLD[I,5] - request length of unschd support }

TYPE
MATSV= ARRAY [1..420,1..15] OF INTEGER; {420}
MATSC= ARRAY [1..85,1..18] OF INTEGER; {75,18}
MATTW= ARRAY[1..420] OF INTEGER; {420}
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MATHO= ARRAY[1..15,1..5] OF INTEGER;
MATSD= ARRAY[1..400,1..6] OF INTEGER; {4007
MATUS= ARRAY[:..300] OF INTEGER; {300}
MATSP= ASRAY[1..1440] OF INTEGER;
AGRND = ARRAY [1..18] OF STRING[6];
* GRND= STRING[6];
INIT12= ARRAY[1..14] OF INTEGER;
MPOS = ARRAY[1..300] OF INTEGER; {300}
MFREE = ARRAY([1..18] OF INTEGER;
MATLF = ARRAY{1..30] OF INTEGER;
.MAXSP = ARRAY[1..18, 1..2] OF INTEGER;
MATD ARRAY[1..18] OF INTEGER;

{SRS DATA BASE RECORD }
{ }
{SRSFILE,SRSRED . - FILENAME IN ASSIGN STAT, AND REC }
{sup - HOLDS SUPPORT # }
{GTs - GTS NAME }
{BV - BEGINING VISIBILITY }
{EV - ENDING VISIBILITY }
. {REQ - REQUEST LENGTH OF SUPPORT }
{TOT - TURNAROUND TIME FOR SUPPORT }
{1ID . - IRON ¥O }
{REV - REV ¥O
{BSRT - BEGINNING OF STARTING TIME }
{ESRT . - END OF STARTING TIME }
{scLD - INDICATES IF SUPPORT IS SCHEDULED AT A GTS }
{ S - THE SUPPORT IS SCHEDULED }
{ ¥ - THE SUPPORT IS NOT SCHEDULED }

VAR
MATCH,OK,GO, ISERT,GOON,STOP : 300LEAN;

VAR
sch : MATSC; {75%18%2= 2700}
bvis: MATSV; {425+15%2= 10800}
evis: MATSV; {425+12%2= 10800}
schd: MATSD; {400*5%2= 4000}
uschd : MATUS; - {300%2= 600}
TURN : MATIV; {425*2=900}
WGT : MATIVW; {425%2=900}

SUP: MATSV; {425#%12+2 = 10800}
HOLD: MATHO; {15+#5%2=150}
SGTS: AGRND; {18%6=108}

P0S: MPOS; {3002 = 600}
FREE: MFREE; {18#+2 =36}
LF_USCH :MATLF; {30%2=60}

FRE_SPC :MAXSP;
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SPACE  :MATSP;
DOWN1 :MATD;
{ INDEX VARIABLES - COUNTERS : }
I,.,K,L,M,N,NUM,FLG,LAST: integer;
{ TSU- HOLDS TEMPORARY SUPPORT, BEG VIS, END VIS,REQ }

TSup,TSU,BEG,ENDD,REQ, TUR,NUMREC ,FLAG  :INTEGER;
UsuP,SUPP,UTUR,UBEG, UGTS,UREQ,GTS ,UNUM :INTEGER;

{ MaX, MIN - SPACE FOR AN INSERTION OF A SUPPORT TO GTS 3
{ MINL, MAXL - TIME WITHIN DAY FOR SUPPORT TO BEGIN - . }

MAX,MIN,HAXL,MINL,TMAX,TMIN,TMAXL, THINL ,MINGTS,MAXGTS :INTEGER;
{OPT VARIABLF. USEv IN 3 OPT INTERCHANGE FOR HF }

OPTSUP,OPTGTS,OPTLOC,OPTLEN,OPTDIFF  :INTEGER;
INTi_LOC,INT1_SUP,INT1_GTS,INT1_POS :INTEGER;
INT2_LOC,INT2_SUP,INT2_GTS,INT2_POS :INTEGER;
USH_LOC,USH_GTS,TOTHF,POSN, HFNUM, TDOWN :INTEGER;
AVGEF :REAL;

LFSCHD,LFUSCHD, BFTOT ,SUPLOC,GTSNUM,USCH :INTEGER;

{ABV,AEV - HOLDS BEGIN AND ENDING VISIBILITY
{ID,TA,RE - IRON NO, TURNAROUND TIME AND REQUEST LEN
{REVV - REV NO

USCHD_NUN,POS_NUM, FLEX :INTEGER;

RATIO : REAL; .
{TEXT FILE VARIABLES }
{ >
{INFILE, INFILE1l - TEXT FILENAMES }
{su - HOLDS SUPPORT # }
{TGTS - GTS NAME }
}
}
}

INFILE :TEXT;

INFILEL :TEXT;

INFILELK :TEXT;
ABV,AEV,TA,RE,ID,SU : INTEGER;
REVV : REAL;

TGTS: GRND;
CH: STRING[1];
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(.“.-t““.‘#“‘tt‘tt‘t‘!“‘t‘“‘t‘tt‘t‘.“““.‘t-ﬁtt“““““‘.##“t“‘)

(s _ - . *)
(e Initialization procedure to zero out all arrays or to set to *)
(» constant value *)
(= ' *)

(““““‘#“.‘t‘#ttt#ﬁ‘“‘!“ﬁt“‘t““#“‘ti‘t‘.t‘ttt“t“.“#‘.“t#‘!ttt)

~ PROCEDURE INIT ;
VAR I,J: INTEGER;

BEGIN
SGTS[1]:=’POGO-A’;
SGTS[2):='P0OGO-B’;
SGTS{3]):=’P0OGO-C’;
SGTS{4) :='HULA-A’;
SGTS(5]:='HULA-B’;
SGTS[6] :='CO0K-A’;
SGTS[7]) :='CODK-B’;
SGTS[8) :=’INDI-A’;
SGTS([9]:=’B0OSS-A’;
SGTS[10] :='B0OSS-B*; ~——
SGTS(11]:='LION-A’;
SGTS{12] :="LION-B’;
SGTS[13] :="GUAM-A"’;

- S6TS[14] :=’GUAM-B’;
SGTS[16]:='PIKE-A’;
SGTS[16]) :=*REEF-A"’;
FOR I:= 1 TO 420 DO
FOR J:= 1 TO 15 DO

BEGIN
BVIS[I,J]:=0;
EVIS[I,J]):=u;
sup(1,J]:=0;

TURN[I]:=0;
WGT{I]:=0;
END;
FOR I:= 1 TO 85 DO
FOR J:= 1 TO 18 DO
BEGIN
SCH(1,J]):=0;
ENC;
FOR I:= 1 TO 400 DO
FOR J:= { TO 6 DO
BEGIN
SCHD[I,J]:=0;
END;

FOR ':= 1 TO 300 DO
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BEGIN
USCHD{J]:=0;
pos[J]:=0;

END; ‘

FOR I:
FOR J:

BEGIN
HoLD(I,J]:

END; : :

FOR I:= 1 TO 18 DO
DOwN1([1]:=0;

1 TO 15 DO
1 TO 56 DO

"

[1]

0;

END; {PROCEDURE INIT}

,(“####’####t*t‘*##t##t*##‘*t#t**#*#tt#*#*#t#t#*#t###*#‘#####*‘#*#‘#*#**t)

(» ' *)
(s DOWN -|reads in GTS downtime *)
(» i *)

(‘“‘###‘#‘##“‘*k“#‘t‘##t#t##‘*t##**###*‘#*‘*####*#**‘*###‘*#tt#t#*t#‘t)

|
PROCEDURE DOWN(VAR TSCHD :MATSD; VAR DOWN1 :MATD; VAR TDOWN :INTEGER);
| - ,
VAR INFILED : TE*T;
TGTS,SRTD,ENDT,I :INTEGER;
|

BEGIN i

|
ASSIGN(INFILED, *C:\TP\SRSREAL\DOWN.DAT’);
{$1-} RESET(INFILED) {$I+};
OK:= (IOResult = 0);

IF OK=TRUE THEN
BEGIN

RESET(INFILED);

I:=1; )

WHILE NOT EOF(INFILED) DO

BEGIR

READLN(INFILED,TGTS,SRTL,ENDT);
TSCHD[I,1]:=888;
TSCHD[I,2] :=TGTS;
TSCHD([I,3] :=SRTD;
TSCHD[I,4] :=0;
TSCED[I,5) :=ENDT-SRTD;

I:=21I+1; .
DOWN1 [TGTS] : =DOWN1[TGTS]+(ENDT-SRTD);
END;
TDOWN:=1;
CLOSE(INFILED);
END;
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END; {PROCEDURE DOWN1}

(#“t#*t*‘#t###*####**###ti##*tt#ttt**#*###**‘*t*#'##*it*#t*#####*t*##*##*#)

(= A *)
(* The following procedures are used when the data from the data base *)
(* and the GAMS MIP programs are loaded into arrays and the PASCAL *)
(* randow access file. *)
(= S - *)
(* PRIMARY PURPOSE OF THESE PROCEDURES TO LOAD ARRAYS AND DATABASE *)
(+ a *)

{FscHD

(###t#*#**t*####*###*#i‘**###*##t######*##****#**#***#*t###*###*##*****t*##)

reads supports from SUP ASCII file and fills the SCHD array J

{SCHD array holds all the supports that are scheduled }

PROCEDURE FSCHD(VAR INFILE1 :TEXT; SUP: MATSV; VAR TSCH : MATSC;

VAR TSCHD:MATSD;
VAR TUSCHD: MATUS);

VAR I,J,K,L,NUM, SU: INTEGER;

GTS

CH :

BEGIN

: STRING[6];

STRING[1];

RESET(infilel);
I:=0;
WHILE NOT EOF(INFILE1) DO
BEGIN ‘
T 1:=I41;
REPEAT
READLN(INFILE{,SU,NUM,CH,GTS);
UNTIL (I=NUM) OR (EOF(INFILE1));
J:=0;
REPEAT
J:=J+1;
UNTIL SuP([J,1]=SU;
K:=0;
REPEAT
K:=K+1; .
UNTIL (TSCH[I,K]= 1) OR (K =18);
IF K=18 THEN
BEGIN
IF TSCH{I,K]=0 THEN K:=19;
END;
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CASE K OF
1..18: BEGIN
L:=0;
REPEAT
L:=L+1;

UXTIL TSCHD([L,1]=0;

M:=1;
REPEAT
M:=M+1;

UNTIL SUP[J,M1=K;

TSCED[L,1):
TSCHD[L,2]:
TScED[L,3]:
TSCHD[L,4]:
TSCHD{L,5]:
TSCHD(L,6]:

=SU;

K;

=BVIS{J,M];

=TURN[J]; :
=EVIS[J,M]-BVIS{J M];
J;

M:=0;
REPEAT
H:=ﬁ+1;
IF TUSCRDIM]= SU THEN
BEGIN
TUSCHD [M] :=99¢;
END;
UNTIL (TUSCHD[M]=0) OR (TUSCHD[M]=SU);
"END; {1..18 CASE}

19: BEGIX
L:=0;
REPEAT
L:=L+1;
UNTIL TUSCHD[L]=0;
TUSCHD(L] :=SU;
END; {CASE = 19}

END; {CASE STATEMENT}

END; { WEILE NOT EOF(INFILE)}
END; { FSCHD PROCEDURE}

{FILLSCH reads sch.dat ASCII file - fills the SCH array }
{ 3CH array is used to determine what supports are scheduled at a GTS}

PROCEDURE FILLSCH(VAR INFILE,INFILE1: TEXT; VAR TSCH :MATSC);
VAR I,J,NUM,ENDD,SU: INTEGER;

GTS : STRING[6];

CH : STRING[1];
waste: stringl[80];

BEGIN

FOR I:= 1 TO 85 DO
FOR J:=1 TO 18 DO
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s TSCH[I,J1]:=0;

BEGIN

END; :
RESET(INFILE1l);
WHILE 0T EOF(INFILE1) DO
BEGIN
READLN(INFILEI,SU,NUH,CE,pTS);
ENDD :=NUN; '
EXD;
CLOSE(INFILE1);
RESET(infile);
FOR I:= 1 to 5§ do
begin
readln(infile,waste);
end; oo
FOR I := 1 to ENDD do
BEGIN
READLN(INFILE,NUM,Tsch[I,1],Tsch{I,2],Tsch{I,3],Tsch[I, 4]
,Tsch[I,5],Tsch[I,6],Tsch[1,7],Tsch[I,8],Tsch[I,9],Tsch{I,10]);

);///’ END; :
o FOR I:= 1 to 3 do

EEGIN .
readln(infile,waste);
END;

"FOR I := 1 to ENDD do

BEGIK :
READLN (INFILE,NUM,Tsch{I,11],Tsch[I,12],Tsch[I,13],Tsch(I,14]

,Tsch[I,15),Tsch(I,26],Tsch([I,17]),Tsch[I,18]);
END; ) o
close(infile);

END; {E¥D FILLSCH PROCEDURE}

{ FILLARR procedure that takes data from database and transfers the info}
{ to arrays SUP, BVIS,EVIS,TURN,WGT - all of these arrays hold the info '}
{used throughout the program }

PROCEDURE FILLARR(TSU,TABV,TAEV,TTA,REE,FLG :INTEGER; TGTS: GRND; SGTS:AGRND;
VAR TSUP,TBVIS,TEVIS : MATSV;
VAR TTURKN,TWGT :MATTW; VAR TUSCHD : MATUS);

VAR I,J,NUM,K :INTEGER;

s MATCH  :BOOLEAN;

BEGIN
MATCH:=FALSE;

S 1:=0;

J:=1;
REPEAT
I:=I+1;

Sa
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IF TSUP[I,1]=TSU THEN MATCH:=TRUE;
UNTIL (TSUP[I,1] =0) OR (TSUP[I,1] = TSU);
NUM:=0;
REPEAT
NUH - =NUM+1;
UNTIL SGTS[NUM]=TGTS;
IF MATCH=TRUE THEN
BEGIN
REPEAT
J:=J+1;
UNTIL (TSUP{I,J]=0) OR (TSUP(I,J]=HUM) OR (J=15);
- .END
ELSE
BEGIN
J:=2;
TSUP(I,1]:=TSU;
END;
IF TSUP[I,J]=0 THEN
TWGTLI]:=TWGT[I]+1;
TSUP(I,J]:=NUN;
TBVIS[I,J]:=TABV;
IF TAEV > 1440 THEN
TAEV:=1440;
TEVIS[I,J]:=TAEV;
TTURN[I]:=TTA;

{ f1g=1 indicates a high flier support }

IF FLG=1 THEN

BEGIN
OK:=FALSE;
K:=0;
TBVIS(I,1]:=REE;
REPEAT
K:=K+1;
IF TSU= TUSCHD[K] THEN

OK:=TRUE;
UNTIL (TUSCHD[K]=0) OR (OK=TRUE);
IF OK=FALSE THEN
BEGIN
TUSCHD [K] : =TSU;
POS[K]:=1;
END; {OK=FALSE}
END; { IF FLG=1}
END; {PROCEDURE FILLARR}

{ FILLS IN DATA BASE -for high fliers, a support that is visible to side A}
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{ should also be visible to side B- this insures that a support is visible }.
{ to both sides. This procedure insures that each support is visible to }
{all the GTS it should be }

" PROCEDURE HFILL(TUSCHD : MATUS; TPOS :MPOS; VAR TSUP :MATSV; VAR TWGT :MATTW;

VAR TBVIS,TEVIS : MATSV);

VAR I,J,K,L,A,NUM,FL1,FL2,FL3,FL4,REM,H,SUPNUM,NUMSUP :INTEGER;
STOP : BOOLEAN; :

BEGIN
A:=0;
REPEAT
A=A+, :
UNTIL TUSCHD[A]=0;

FORL :=1 TO A DO
BEGIN;
I:=TPOS(L];
J:=0;
REPEAT
J:=J+1; )
UNTIL (TSUPLI,J]1=0) OR (J=15);
NUMSUP:=J~1;
STOP:=FALSE;
FOR H := 2 TO (J-1) DO
BEGIN
NUM:=TSUP[I,H];
CASE EUM OF

1..4: BEGIN
FL1:=0;
FL2:=0;
FL3:=0;
FL4:=0;
FOR K:= 2 TO J DO
BEGIK
CASE TSUP[I,X] OF
1: FL1:=1;
2: FL2:=1;
3: FL3:=1;
4: FL4:=1;
END; {CASE TSUP}
END; {FORK = 2 ,J}

IF (FL4=0) AND (NUMSUP<15) AND (STOP=FALSE) THEN
BEGIN
NUMSUP : =NUMSUP+1;
TBVIS[I,NUMSUP] :=TBVIS(I,H];
TEVIS[I,NUMSUP]:=TEVIS[I,H];
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TWGT[I]:=TWGT[I]+1;
TSUP{I, nuxsupl--4
END;
IF (FL3=0) AND (nunsup<1s) AND (STOP=FALSE) THEN
BEGIN
NUMSUP : =KUMSUP+1 ;
TBVIS[I,BUMSUP]:=TBVIS[I,H];
TEVIS[I,NUMSUP] :=TEVIS[I,H];
TWGT[I]:=TWGT[I]+1;
TSUP[I,NUMSUP]:=3;;
END;
IF (FL2=0) AND (NUMSUP<15) AND (STOP-FALSE) THEN
BEGIN
NUMSUP : =NUMSUP+1;
TBVIS({I,NUMSUP] :=TBVIS[I,H];
-TEVIS[I,NUMSUP]:=TEVIS[I,H];
TWGT[I]:=TWGT[I]+1;
TSUP[I, NUHSUP] =2;
END;
IF (FL1=0) AND (NUMSUP<15) AHD (STOP=FALSE) THEN
BEGIN
NUMSUP : =NUMSUP+1;
TBVIS(I,NUMSUP] :=TBVIS[I,H];
TEVIS[I,NUMSUP] :=TEVIS(I,H];
TWGT[I]:=TWGT[I]+1;
TSUP[I, nunsup] =1;
END;
IF (FL1=1) OR (FL2=1) OR (FL3= 1) OR (FL4=1) THEN
STOP:=TRUE;

ERD; {CASE 1..4}

BEGIN

FL1:=0;
REM:=NUM MCD 2;
IF REM = O THEN
BEGIN
SUPNUM:=NUM-~1;
FOR K:= 2 TO J DO
BEGIN
IF TSUP[I,K]= SUPNUM THEN
FL1:=1;
END; {K=1,J}
END  {IF REM=0}
ELSE
BEGIN
SUPKUM:=NUM+1;
FOR K:= 2 TO J DO
BEGIXN
IF TSUP[I,K]= SUPNUM THEN
FL1:=1;
END; {K=1,J}

A-45




END; <{ELSE REM=0}

IF (FL1=0) AND (NUMSUP<15) THEN
BEGIN
BUMSUP : =NUMSUP+1;
- TBVIS[I,NUMSUP] :=TBVIS[I,H];
TEVIS[I,NUMSUP] :=TEVIS[I,H];
* TWGT[I]:=TWGT[I]+1;
TSUP[I,NUMSUP] : =SUPNUN;
END; {FL=0 AND NUMSUP<15}
END; {CASE 5-18}

END; {CASE NUM STATEMENT}

END{FOR H=1 TO J}
END; {FOR L=}
END; {PROCEDURE HFFILL}

(FARSEERRRRRAS R ERER R RRRRFERR R R ERRF R BB RR AR KRR AR RA R ARk A )
(s - © )
(* The following procedures are used during the LOW ALTITUDE 2-OPT *)
(*- INTERCHANGE PROCEDURE. determines flexibility of unscheduled support *)
(* the overlapping sched»'ed supports at each GTS, if a scheduled support#*)
(* can be rescheduled at another GTS ‘ *)

(+ *)

(#“**##‘*‘####t#‘**#*##t#‘*****#*###t*#*t#**#‘##*#####*#*t#tt#‘*tt#ttt*‘*t)

{ BSORT for an unscheduled support, the scheduled supports are sorted }
{at each of the GTS the Unsch support - the most flexibile Sch support is }

{ examined first for interchange }

PROCEDURE GTS_SORT(FIRST,LAST : INTEGER; VAR TRANK:INIT12;
’ VAR THOLD: MATHO);
VAR I,J,K, TEMP1: INTEGER;
TEMP: ARRAY[1..5] OF INTEGER;
SWITCH: BOOLEAN;

BEGIN
FOR J:= 1 TO 5 DO
TEMP[J]:=0;
REPEAT
SWITCH:=FALSE;
FOR I:= FIRST TO LAST-1 DO
BEGIN
IF TRANK[I] < TRANK[I+1] THEN
BEGIN
TEMP1:=TRANK[I];
TRANK[I]:=TRANK[I+1];
TRANK[I+1] :=TEMP1;
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FOk J:= 1 TO 5 DO
BEGIN .
TEMP[J] :=THOLD[I,J];
THOLD[I,J]:=THOLD[I+1,J];
THOLD[I+1,J3:=TEMP[J];
END;
SWITCH:=TRUE;
END; {IF TRANK}
END; <{FOR I}
UNTIL SWITCH=FALSE;

END; {PROCEDURE SUP_SORT}

{ SSORT sorts the scheduled supports by GTS }

PROCEDURE SSORT(FIRST,LAST : INTEGER; VAR TSCHD :MATSD);

VAR I,J,K : IBTEGER;
TEMP: ARRAY[1..6] OF INTEGER;
SWITCH: BOOLEAN;

BEGIN
FOR J:= 1 TO 6 DO
TEMP[J]:=0;
REPEAT
SWITCH:=FALSE;
FOR I = FIRST TO LAST-1 DO
BEGIN
IF TSCHED[I,2] > TSCHD[I+1,2] THEN
BEGIN
FOR J:=1 TO 6 DO
BEGIN
TEMP(J] :=TSCHD[I,J];
TSCHD[I,J]:=TSCHD[I+1,J];
TSCHD[I+1,J]:=TEMP[J];
END;
SWITCH:=TRUE;
END; {IF TRANK}
END; <{FOR I}
UNTIL SWITCH=FALSE;

{ SORT ARRAY FOR SAME GTS BUT BY INCREASING ST«RT TIME
REPEAT
SWITCH:=FALSE;
FOR I:= 1 TO LAST DO
BEGIN
IF TscHD(I,2]=TSCHD[I+1,2] THEN
BEGIRN

A-47




IF TSCHD[I,3] > TSCHD[I+1,3] THEN
BEGIN .
FOR J:=2 TO 6 DO

BEGIN
TEMP[J] :=TSCHD[I,J];
TSCHD[I,J] :=TSCHD[I+1,3];
TSCHD[I+1,J]:=TEMP[J];

EXD; :

- SWITCH:=TRUE;
EN¥D; {IF TSCHD>}
END; {IF TEMP = }
END; {FOR I}
UNTIL SWITCH=FALSE;

END; <{PROCEDURE SSORT}

{ LSORT sorts the UNSCHD array from lowest non zero number to highest
PROCEDURE LFSORT(LAST : INTEGER; VAR TUSCHD: MATUS; VAR TPOS :MPOS);

VAR I, TEMP,TEMP1 : INTEGER;
SWITCH: BOOLEAN;

BEGIN
REPEAT
SWITCH:=FALSE;
FOR I:= 1 TO LAST-1 DO
BEGIN
IF TUSCHED([I] > TUSCHD{I+1] THEN
BEGIN
TEMP:=TUSCHD[I];
TEMP1:=TPOS[I];
TUSCHDLI] : =TUSCED[I+1];
TUSCHD[I+1] : =TEMP;
TPOS[I+1]:=TEMP1;
SWITCH: =TRUZ;
END; {IF TUSCHD}
END; {FOR I}
UNTIL SWITCH=FALSE;

END; <{PROCEDURE LFSORT}

{PROCEDURE CHK - CHECKS TO SEE IF AN OVERLAP EXISTS BETWEEN A SUPPORT }
{TRYING TO BE SCHEDULED AT A GTS AND IF THAT GTS HAS AVAILABLE SPACE FOR}
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{ THE SUPPORT TO BE SCHEDULED }

PROCEDURE CHK (BEG,EﬁDD,GTS,SU : INTEGER; TSCHD : HATSD{ VAR MATCH: BbOLEAN);

VAR M,TBEG,TEND,FL : INTEGER;
CK1,CK2,CK3 : BOOLEAN;

BEGIN
MATCH:=TRUE;
FL:=0;
M:=0;
{ DETERMINES OVERLAPPING SCHEDULED SUPPOAT AT A GTS}

REPEAT
CK1:=FALSE;
CK2:=FALSE;

~ CK3:=FALSE;
M:=M+1;
IF (GTS=TSCHD[M,2]) AND (SU <> TSCHD[M,1]) THEN
. BEGIN
TBEG:=TSCHD (M, 3] -TSCHD([M,«];
TEND:=TSCHD(M,3]+TSCED[M,5];
IF (BEG > (TBEG-1)) AND (BEG < (TEND+1)) THEX
CK1:=TRUE; '
IF (ENDD > (TBEG-1)) AND (ENDD < (TEND+1)) THEN
CK2:=TRUE;
IF (BEG < (TBEG+1)) AND ((ENDD+1) > TEND) THEN
CK3:=TRUE;
IF (CK1=TRUE) OR (CK2=TRUE) OR (CK3=TRUE) THEN
BEGIN ‘ : :
FL:=1;
MATCH:=FALSE;
END; { IFOR}
“END; { IF GTS =..}

UNTIL (M=400) OR (SCHD[M,2]>GTS) OR (FL=1); , e

END; <{PROCEDURE CHK}

{PROCEDURE SW.TCH PLACES AN USCHEDULED SUPPORT THAT WAS ADDED TO }
{SCHEDULE AS ARE RESULT OF THE INTERCHANGE PROCEDURE }

PROCEDURE SUITCH(TSUP,GTS,BEG,TREQ,TTUR,TSU,UGTS,SBEG,STUR,
SREQ,TSUPLOC : INTEGER; VAR TSCHD : MATSD; VAR TUSCHD : MATUS);

VAR I,J,K : INTEGER;
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BEGIN
1:=0;
REPEAT
I:=1+1;
UNTIL TSCHD[I,1]=0;
TSCHD[I,1]:=TSU;
TSCHD[I,2] :=UGTS;

" TSCED[I,3] :=SEEG;
TSCED[I,4]:=STUR;
TSCHD[I,5] ' =SREQ;
TSCED([I,6]:=TSUPLOC;
J:=0; .
REPEAT
J:=J+1;

" UNTIL TUSCHD[J]1=TSU;
TUSCHD[J] :=999;
I:=0;

REPEAT

I:=1I+1;

UNTIL TSCED[I,1]=TSUP;
TSCHD[I,1] :=TSUP;
TSCHD([I,2]:=GTS;
TSCED[I, 3] :=BEG;
TSCHD[I,4] :=TTUR;
TSCED[I,8]:=TREQ;

END;  {PROCEDURE SWITCH}

{PROCEDURE SCHK - CHECKS TO SEE IF AN OVERLAP EXISTS BETWEEN A SUPPORT }
{TRYING TO BE SCHEDULED AT A GTS AND IF THAT GTS HAS AVAILABLE SPACE FOR}
{ THE SUPFORT TO BE SCHEDULED ‘ ' }

PROCEDURE SCHK (BEG,ENDD,GTS : INTEGER: TSCHD : MATSD; VAR TSU :INTEGER;
. VAR FL :INTEGER);
VAR M.TBEG,TEND : INTEGER;
MATCH,CK1,CX2,CK3 : BOOLEAN;

BEGIN :
MATCH:=FALSE;

£1:=0;

M:=0;

{ DETERMINES OVERLAPPING SCHEDULED SUPPORT AT A GTS}

REPEAT
CK1:=FALSE;
CK2:=FALSE;
CK3:=FALSE;
M:=M+1;
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IF GTS=TSCHD[M,2] THEN
BEGIN ‘
TBEG:=TSCHD[M,3]~TSCHD[M, 4] ;
TEND:=TSCHD[M,3]+TSCHED[M,5];
IF (BEG > (TBEG-1)) AND (BEG < (TEND+1)) THEN
CK1:=TRUE;
IF (ENDD > (TBEG-1)) AND (EFDD < (TEND+1)) THEN
CK2:=TRUE;
IF (BEG < (TBEG+1)) AND ((ENDD+1) > TEND) THEN
CK3:=TRUE;
IF (CK1=TRUE) CR (CK2=TRUE) OR (CK3=TRUE) THEN
BEGIN '
FL:=FL+1;
MATCH: =IRUE ;
TSU:=TSCED[M,1];
END; { IFOR}
END; { IF TROLDI[K,1]..}
UNTIL (M=400) OR (TSCHD[M,2]>GTS);

- ERD; {PROCEDURE SCHK}

{ FIND SUP - DETERMINES THE SCHEDULED SUPPORT THAT IS OVERLAPPING }
{WITH THE UNSCHEDULED SUPPORT AT A SPECIFIC GTS, DETERMINES THE }
{ FLEXIBILITY OF EACH SUPPORT - RANKS THE FLEXIBILITY OF SUPPORTS }

PROCEDURE FIND_SUP(N: INTEGER; VAR THOLD : MATHO;
VAR TWGT,TTURN : MATTV,
VAR TSUP,TBVIS,TEVIS : MATSV,
VAR FLAG,GTSNUM :INTEGER);

VAR BEG, ENDD,K,M,I,J,TSU,FRST, LST: INTEGER;
TBEG,TEND,GTS,DIFF : INTEGER;
RANK: INIT12;
MATCH,OK : BOOLEAN;

BEGIN
K:=1;
WHILE THOLD[K,1] <>0 DO
BEGIN
BEG:=THOLD[X,3]-THOLD{K,4];
FHDD:=THOLD (K, 3]+THOLD[K,5] ;
DIFF:=THOLD[K,S];
IF DIFF > 8 THEN
BEGIN
GTS:=THOLD[K,1];
SCHK(BEG,ENDD,GTS,SCHD, TSU,FLAG) ;
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THOLD (K, 2] : =TSU;
IF FLAG=0 THEN
GTSNUM:=K;
{DETERMINES THE FLEXIBILITY OF OVERLAPPINC SCHEDULED SUPPORT}

L:=0;
REPEAT
L:=L+1;
UNTIL TSUPIL,1)=TSU;
| - RANK[K):=TwGT{L);
| : END; {IF ENDD-BEG}
j ) K:=K+1;
| END; {VHILE THOLD}
LST:=K;
| FRST:=1;
- IF K>2 THEN
GTS_SORT(FRST,LST,RANK, THOLD);

END; <{PROCEDURE FIND_SUP}

{ INIT_BELD ‘initiliazes HOLD array}
PROCEDURE INIT_HLD(VAR THOLD:MATEO);

VAR I,J) : INTEGER;

BEGIN
FOR I:=1 TO 15 DO
FOR J:=1TOS5D
THOLD[I,J]:=0
ya END; {PROCEDURE INIT_HLD} .
- _{ USCH_GTS determines the GTS that an unscheduled support is visible to}
{ additionally, the beg and end of vis, turnaround time and request }
{length are determined ' }

PROCEDURE USCH_GTS (TSU,FLAG,UNUM : INTEGER; VAR THOLD : MATRO; -
VAR SUPN : INTEGER;
VAR TSUP: MATSV);

VAR M,K : INTEGER;

BEGIN
K:=Met;
SUPN:=0;
: 1F FLAG=0 THEN
s , BEGIN
- : REPEAT
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SUPN:=SUPN+1;
UNTIL SUP[SUPN,1]=TSU;
END
ELSE
SUPN:=UNUM;
K:=2;
REPEAT

THOLD[(K~1), 1] : =TSUP{SUPN,K];
THOLD [(K-1),3] :=BVIS[SUPN,K];
THOLD[(K~1),4] :=TURN[SUPN] ;

IF FLAG = 1 THEN

THOLD [(K-1) ,5] :=BVIS[SUPK, 1]

ELSE

K:=K+1;

THOLD[(K-1),5]) : =EVIS [SUPN,K]~-BVIS[SUPN,K];

UNTIL (TSUP[SUPN,K]=0) OR (K=16);

END; {PROCEDURE USCH_GTS}

PROCEDURE LF_COLLECT( TDOWN! :INTEGER; VAR TLFSCHD,TLFUSCHD :INTEGER;

VAR TLF_USCH : MATLF; VAR TUSCHD :

VAR I,J,LAST,LST :INTEGER;

BEGIN

FOR I:= 1 TO 30 DO
TLF_USCH[I]:=0;

J:=0;
REPEAT
J:=J+1; o
UNTIL TUSCHD[J]=0;
LAST:=J-1;
LFSORT(LAST, TUSCHD, TPOS) ;
J:=1; :
REPEAT
TLF_USCH[J]:=TUscHD[J];
J:=J+1;
UNTIL TUSCHD{J]=999;
TLFUSCHD:=J-1%;
J:=0;
REPEAT
J:=J+1;
USTIL SCHD[J,1)=0;
TLFSCHD:=J-1-TDOWN1 ;

END; {PROCEDURE LF_COLLECT}
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{#*##‘**#*t**#t##t*i*t**#t#*t**#*###*###*ttﬁ*i#*t*#*#**#tt#tt*t#**#‘#*i}

{* *}
{* THE FOLLOWING PROCEDURES ARE USED IN THE HF INSERTION ROUTINES #*}
{= ' *}

{*"#ti#t*#*##**tt*t*#**t***ﬁt*#***###‘***##**#***#**###‘#****#t**#‘**#}

{ HFSORT determines the order in which high altitude satellite supports}
{ will be inserted into the schedule. The order of priority will be : }
{ length of support request, flexibility, visibility window }

PRUCEDURE HFSORT ( VAR TUSCHD : MATUS; VAR TP0OS : MPO3; VAR HFTOT :INTEGER);
VAR I,J,K,L,TEMP2,TEMP3 : INTEGER;
TEMP : ARRAY[1..300, 1..2] OF REAL;
TENMP1 : ARRAY[1..2] OF REAL;
temp4 :ARRAY[1..2) OF INTEGER;
SWITCH : BOGLEAN;

BEGIN
J:=0;
REPEAT
J:=J+1
UNTIL TUSCED(J]=0;
HFTOT:=J-1;
FOR I:=1 TO J-1 DO
BEGIN
K:=POS[1];
TEMP4{1] :=BVIS[K,1];
TEMP4[2] :=EVIS[K,2]-BVIS(X,2];
TEMP[I,1]:=TEMP4(2]/ TEMP4[1];
TEMP([I,2] :=WGT[K];

END; {FOR I :=1,]-1 }
LAST:=J—2;

{ SORT TEMP ARRAY BY ORDER OF DECREASING REQUIREMENTS }

REPEAT
SWITCH:=FALSE;
FOR I:= 1 TO LAST DO

BEGIN
IF TEMP[I,1] > TEMP{I+1,1] THEN
BEGIN
FOR J:=1 TO 2 DO
BEGIN
TEMP1[J]:=TEMP[I,J];
TEMP[I,J]:=TEMP[I+1,]];
TEMP[I+1,3]:=TEMP1[J];
END;
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TEMP2:=TUSCHD[1];
TUSCHD 1] :=TUSCED[I+1];
TUSCHD[I+1] :=TEMP2;
TEMP3:=TPOS[I];
TPOS[1]:=TPOS[I+1];
- TPOS(I+1]:=TEMP3;
SWITCH:=TRUE;
END; = {IF TEMP}
END; <{FOR I}
UNTIL SWITCH=FALSE;

{ SORT ARRAY FOR SAME REQUIRMENT VALUE BY DECREASING FLEXIBILITY
REPEAT
SWITCH:=FALSE;
FOR I:= 1 TO LAST DO
BEGIN :
IF TEMP(I,1]J=TEMP[I+1,1] THE
BEGIN
IF TEMP[I,2] > TEMP[I+1,2} THEN
BEGIN
FOR J:=1 TO 3 DO
BEGIN
TEMP1[J] :=TEMP([I,J];
TEMP(I,J]:=TEMP[I+1,J];
TEMP(I+1,J):=TEMP1[J];
-END;
TEMP2:=TUSCHD[I];
TUSCHD [I] : =TUSCHD[I+1];
TUSCHD [I+1] : =TEMP2;
TEMP3:=TPOS[I1];
TPOSLI]:=TPOS[I+1];
TPOS[I+1]:=TENP3;
SWITCH:=TRUE;
E¥D; {IF TEMP>}
END; {IF TEMP = }
END; {FOR I}
UNTIL SWITCH=FALSE;

END; {PROCEDURE HFSORT}

{FREE_SPC procedure determines the amount of time available at a GTS that }
{a satellite can be scheduled at. This is absolute time, not useable time }
{ this is used as a guide to determine which GTS should be looked at first }

{ when inserting a support
PROCEDURE FREE_SPC(TSCHD : MATSD; VAR TFREE: MFREE);

VAR I,),DIFF,GTS : INTEGER;
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BEGIN
FOR J := 1 TO 18 DO

TFREE[J] :=1440;

1:=0; :

REPEAT

I:=1+1;

GTS:=TSCHD[I,2]; .

DIFF:=(TSCHD[I,3)+TSCHD[X,5]) ~ (TScHD[1,3]-TSCHD(I,4]);

TFREE[GTS) : =TFREE{GTS]-DIFF;

UNTIL TSCED{I,1]=0;

END; {procedure free_spc}

{INS_GTS rank orders visible GTSs by most free space. that is the
{GTS witk the most free spacewill be the first one an
{ unscheduled support is attempted to be scheduled at }

W

PROCEDURE INS_GTS{TFREE : MFREE;, VAR THOLD:MATHO);

VAR I,J,K,L,TEMP2,NUM : INTEGER;
TEMP : ARRAY [1..18,1..2] OF INTEGER;
TEMP1 : ARKAY [1..2] GF INTEGER;
TEMP3 : MFREE;
TEMP4 : ARRAY[1..5] OF INTEGER;
SWITCH,OK : BOOLEAN;

BEGIN
FOR I:= { TO 18 DO
BEGIN
TEMP(I,1]:=TFREE[I];
TEMP[I,2]):=I;
END;

REPEAT
SWITCH:=FALSE;
FOR I:= 1 TO 17 DO
BEGIN v
IF TEMP[I,1] < TEMP[I+1,1] THEN
BEGIN
FOR J:=1 TO 2 DO
BEGIN
TEMP1[J]) :=TEKP[I,J];
TEMP(I,J]:=TEMP[I+1,J];
TEMP[I+1,J]:=TEMP1[J];
END;
SWITCH:=TRUE;
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END; <{IF TEMP}
. END; {FOR I}
UNTIL SWITCH=FALSE;
NUM:=0; '
FOR I:= 1 TO 18 DO
BEGIN
OK:=FALSE;
K:=0;
REPEAT
- K:=K+1;
IF TEMP(I,2]=THOLD{X,1] THEN
BEGIN
OK:=TRUE;
NUM:=NUM+1;
END; {IF TEMP=THOLD}
URTIL (OK=TRUE) OR (THOLDIK,11=0);
IF OK=TRUE THEN
BEGIN
FOR L:= 1 TO 5 DO
BEGIN
TEMP4[L]:=THOLD[NUM,L];
THOLD[NUM,L] :=THOLD[K,L];
THOLD (K,L] :=TEMP4[L];
END; {FORL = 1,5}
END; {IF OK=TRUE}
END; {FOR I = 1, 18}

END; {PROCEDURE INS_GTS}

{INSERT checks to see if a GTS has available space for the support to }
{be inserted into the schedule, the procedure checks all openings and }
{takes the locations that have the max and min open space }
{the min open space has to be larger than the requirement }

PROCEDURE INSERT (TBEG,TEND,TREQ :INTEGER; TSPACE :MATSP;
VAR TMAX,TMIN,THINL,TMAXL :INTEGER; VAR TOK : BOOLEAN );

VAR I1,],K,SP :INTEGER;
BEGIN
THIN:=0;
TMAX:=0;
SP:=0;
OK:=FALSE;
IF TBEG <0 THEN
TREG:=0;
FOR I:= TBEG TO TEND DO
BEGIN
IF (TSPACE[I] =0) AND (I< TEND) THER
SP:=SP+1
ELSE




BEGIN
IF sP > (TREQ-1) THEN
BEGIN
CASE TMAX OF

0: = BEGIN
TMAX :=SP;
TMAXL:=I-SP;
END;
1..1400: IF SP > TMAX THEN
BEGIN
TMAX :=SP;
TMAXL:=I-SP;
. : ~ END;
END; <{CASE TMAX}

CASE TMIX OF

0: BEGIN
-TMIN:=SP;
TMINL:=I-SP;
. A ' EAD;
P 1..1400: IF SP < TMIN THEN
P BEGIN
lrf, TMIN:=SP;

L ‘ TMINL:=I-SP;

L . : END;
o : END; {CASE TMIN}
A SP:=0;

: ‘ "O0K:=TRUE;

END { IF SP> TREQ} :
ELSE ;
. o SP:=0;

v END; { TSPACE =0} : i

END; {FOR I=BEG TO END}

END; <{PROCEDURE INSERT} ‘

<7 { FILLGTS for a GTS and support combination fills the time a support }
{ needs to fulfill its support } }

PROCEDURE FILLGTS(SUPP,BSUP,ESUP :INTEGER; VAR TSPACE :MATSP);

s VAR I,J: INTEGER;
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BEGIN
FOR I:= BSUP TO ESUP DO

BEGIY
TSPACE[I]:=SUPP;
END;
END;
{ FILL_SPC for a specific GTS determines the scheduled supports #, .}

{the beg (end) of the support requirement start time - turn, (start + req)}
PROCEDURE FILL_SPC (éT : INTEGER; TSCHD : ﬁATSD; VAP TSPACE : MATSP);

VAR I1,J,K,M,N,TBEG, TENDD,TSUPé : INTEGER;

BEGIN

M:=%1;
REPEAT
IF GT=TSCED[M,2] THEN
BEGIN
TSUPP:=TSCED[M, 1];
TBEG:=TSCHD[M,3]-TSCHD[M,4];
TEADD :=TSCHD[M, 3] +TSCHD[X,5];
FILLGTS(TSUPP,TBEG,TENDD,TSPACE);
END;
M:=M+1; :
UNTIL (TSCED(M,2]=0) OR (M=-00) OR (TSCHD[M,2] >GT);

END; { PROCEDURE FILL_SPC}

{ Initializes the space array - }
PROCEDURE INT_SPC(VAR TSPACE : MATSP);
VAR I:INTEGER; o
BEGIN ' ,
FOR I:= 1 TO 1440 DO » -

TSPACE[I]:=0;

END;  {PROCEDURE INIT_SPC}

{CHK_INS checks to see if the openings at a GTS are the best loca.ion }
{ a simple rule of thumb is applied: if the mia open space - req time<5 }
{or max open space - req > 60 then this location is taken as satisfactory}

PROCEDURE CHK_INS(REQ,GTS,TMAX,TMIN,TMAXL,TMINL : INTEGER;
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VAR MAX ,MIN,MAXL,MINL,MINGTS,MAXGTS :INTEGER; VAR TMATCH : BOOLEAN);

BEGIN
IF TMAX-REQ > 59 THEN
BEGIN
MAX:=TMAX;
MAXL:=TMAXL;
TMATCH:=TRUE;
IF MIN=1000 THEN
MIN:=999;
END;
IF TMIN-REQ <6 THEN
BEGIN
MIN:=TMIN;
MINL:=TMINL;
TMATCH:=TRUE;
IF MAX=0 THER
MAX:=1;

END;
IF TMATCE=FALSE THEN
BEGIN i
IF MIN > TMIN THEN
BEGIK
MIN:=TMIN;
MINGTS:=GTS;
MINL:=TMINL;
END;
IF MAX < TMAX THEN
BEGIN
MAX:=THAX;
MAXGTS:=GTS;
MAXL:=TMAXL;
END;
END; {IF MATCH=FALSE AND TMIN<>TMAX}
END; {PROCEDURE CHK_INS}

{ ADDSUP adds the inserted high flier support into the SCHD array }
{additionally this procedure also updates the free space array for the}
{GTS the support was scheduled to }

PROCEDURE ADDSUP (TSUP,TGTS,TBEG,TTUR,TREQ, TNUM,TSCH,TPOS_NUM : INTEGER;
VAR TSCHD :MATSD; VAR TFREE :MFREE; VAR TUSCHD :MATUS );

VAR DIFF :INTEGER;
BEGIN
TSCED[TSCH, 1] : =TSUP;

TSCHD{TSCH, 2] : =TGTS;
TSCED[TSCH, 3] : =TBEG;
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TSCHD[TSCH,4] : =TTUR;
TSCHD[TSCH, 5] : =REQ;
TSCHD{TSCH, €] : =TPOS_NUM;
TUSCHD [TNUM] : =999;
DIFF:=(TBEG+REQ)~-(TBEG-TTUR);
TFREE[TGTS] : =TFREE[TGTS] -DIFF;

END; {PROCEDURE ADDSUP}

{INS_CK If a insertion is possible, this determines the hest locaticn }

{ and GTS for the match ' }

PROCEDURE INS_CK (THAY,THIN,TREQ,THAXL,THIHL;THAXGTQ,THINGTS.HUH :INTEGER;
TMATCH: BOOLEAX; VAR TTGTS,TBEG : INTEGER);

“VAR TTMIN,TTMAX :INTEGER;

BEGIN :
IF MATCE =TRUE THEN
BEGIN
IF TKAX-TREQ >59 THEN
TBEG : =TMAXL+TURE [NUM] ;
IF TMIN-TREQ <6 THEN
TBEG:=TMINL+TURN[NUM];
END :
ELSE
BEGIN
IF TMAX-TREQ >29 THEN
TTMAX : =TMAX-TREG-30
ELSE
TTMAX: =TMAX-TREQ;
IF TMIK-TREQ >29 THEN
TTMIN:=THIN-TREQ-30
ELSE
~ TTMIN:=TMIN-TREQ;
IF TTMAX > TTMIN THEN
BEGIN
TBEG: =TMINL+TURN[NUM];
TTGTS : =TMINGTS
END
ELSE
BEGIN
TBEG : =TMAXL+TURN [NUM] ;
TTGTS: =TMAXGTS
END;
END; {ELSE MATCH = TRUE}
END; {PROCEDURE INS_CK}

{**t*ﬁi##*#t##***#***##t*t#*######‘#t*' t##**#t####*t###**#*‘**##‘###*‘*}

{» *}
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_BEGIX

{= BEGINNING OF PROCEDURES FOR HF 30PT INTERCHANGE *}
{* ' *}

{*t‘#t#i*t###**#*t##*#*#*#*#*t**######!##t#**#####t*#*t#####*##*##‘*ttt*}

{ FIND_GTS determines if the GTS im Schd array is one of the GTS }
{the unscheduled support is visible from i.e. in the hold array }
PROCEDURE FIND_GTS(M :INTEGER; TSCHD : MATSD; TROLD :MATHO;

VAR TGTS :INTEGER);
VAR J :INTEGER;

TGTS:=19;
J:=0;
REPEAT
J:=J+1;
IF THOLD[J,1)= TSCHD[M,2] THEN
TGTS:=TSCHD[M,2];
UNTIL (THCLD[J,1)=TSCHD[M,2]) OR (THOLD[J,1]=0);
END; {PROCEDURE FIND_GTS}

{PARAM finds the beginning and ending visibility and request length for}
{the Support being added in 3 opt bumping , }
PROCEDURE PARAM(TTPOS_RUM,TTGTS :INTEGER; VAR TTBEG,TTEND,TTREQ :INTEGER);

VAR N :INTEGER;

BEGIN
N:=1;
REPEAT

N:=N+1;

UNTIL (SUP[TTPOS_NUM,NI=TTGTS) OR (N=15);
TTBEG:=BVIS[TTPOS_NUM,N]-TURN[TTPOS_NUM];
TTREQ:=BVIS[TTPOS_NUM, 1]J+TURN[TTPOS_NUM];
TTEND :=EVIS[TTPOS_KUM,X];

END; {PROCEDURE PARAM}

{SCDH_P0OS determines the amount of free space, position in the day}
{and total length of free space plus the support of interest }
PROCEDURE SCHD_POS(TTGTS, SPLOC,TTREQ :INTEGER; TSCHD : MATSD;

VAR TFIRST,TLAST,TDIFF,TSF :INTEGER);

VAR ¥LOC :INTEGER;

BEGIN
KLOC:=TSCHD[SPLOC+1,6];
IF TTCTS<>TSCHED[SPLOC-1,2] THEN
BEGIN '
TFIRST:=0;
TLAST:=TSCHD[S?L0OC,3]+TSCHD[SPLOC,5];
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|
i TDIFF:=TLAST;
TSP:=TSCHD[SPLOC,3]-TSCHD[SPLOC,4] ;
END; .
IF TTGTS=TSCED[SPLOC-1,2] THEN
BEGIN
TFIRST:=TSCHD[SPLOC-1,3]+7SCHD{SPLOC-1,5];
TLAST:=TSCHD[SPLOC, 3]+TSCHD[SPLOC,5] ;
TDIFF:=TLAST~-TFIRST;
TSP:=(TSCHD[SPLOC,3]-TSCHD [SPLOC,4] ) -TFIRST;
END; {IF TGTS=TSCHD[M-1,2]}
IF TTGTS<>TSCHD([SPLOC+1,2] THEN
BEGIN ‘
TFIRST:=TSCHD [SPLOC,3]-TSCHD[SPLOC,4];
TLAST:=1440;
TDIFF:=1440-TFIRST; .o
TSP:=1440~(TSCHD[SPLOC, 3] +TSCAD{SPLOC,5]);
END; {IF TGTS <>TSHCD[M+1,2]}

IF (TDIFF<TTREQ-1) ARD (TSCHD[SPLOC+1,2]=TTGTS)
AND (BVIS[SPLOC,1]<>0) AND (BVIS{NLOC,1]=0) THEX

BEGIN .
TFIRST: =TSCHD [SPLOC, 3] -TSCHD[SPLOC, 41 ;
TLAST:=TSCHD [SPLOC+1,3]-TSCHD[SPLOC+1,4] ;
TDIFF:=TLAST-TFIEST;

TSP:=TLAST - (TSCHD[SPLOC,3]+TSCHD[SPLOC,5]);

END;  {IF TGTS=TSCED[M+1,2]}

EXD; {PROCEDURE SCHD_POS}

{FIND_SPC determines the weighting factor to put on each candidate scheduled}
{support to determine if it will be interchanged. 7The weight is the sum of }
{the max free tims at acch GTS this support is visible to - therefore the }
{more GTSs a support is visible to the higher the weight as well as GTS that}
{have more free space will get a higher weight }

PROCEDURE FIND_SPC (TLOC :INTEGER; TSCHD: MATSD; VAR SP_WGT :INTEGER);

VAR I,J,K,TSP,TFIRST,TLAST,TDIFF,TTGTS,TEMP1 :INTEGER;
TMPGTS, TBEG,TEND,SPC,PLACE,CNT,AVG :INTEGER;
TEKP: MAXSP;
BEST :ARRAY[i..3] OF INTEGER;
SWITCH : BOOLEAN;

BEGIN

TSP:=0;
AVG:=0;
SPC:=0;
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TMPGTS:=0;
FOR I := 1 TO 18 DO
_FOR J:= 1 T0 2 DO
BEGIN
TEMP[I,J]:=0;
END;
FOR I:= 1 TO 3 DO
BEST[I]:=0;
CNT:=1;
J:=2;
I:=1;
REPEAT
TEMP[I,1] :=SUP[TLOC,J];
Ji=J+1;
I:=1+1;
UNTIL (SUP[TLOC,J]1=0) OR (J=15);
REPEAT '
TTGTS:=TEMPICNT, 1];
INT_SPC(SPACE);
FILL_SPC(TTGTS,SCHD,SPACE);
K:EI;
REPEAT
K:=K+1;
UNTIL SUP[TLOC,K]=TTGTS;
TBEG: =BVIS[TLOC,K]-TURN(TLOC];
TEND:=EVIS[TLOC,K];
IF TBEG < O THEN

TBEG:=0;
FOR I:= TBEG TO TEND DO
BEGIN
IF (SPACE[I] =0) AND (I< TEND) THEN
SPC:=SPC+1
ELSE '
BEGIN :
IF SPC > BEST[3] THEX
o BEGIN
- BEST[3]:=SPC;
REPEAT

. SWITCH:=FALSE;
~ " FOR J:=1 TD 2 DO
BEGIN
IF BEST [J] < BEST{J+1] THEN .
BEGIN
TEMP1:=BEST[J];
BEST[J]:=BEST[J+1];
BEST[J+1] :=TEMP1;
END; {IF BEST<}
SWITCH:=TRUE;
END; {FOR J=}
UNTIL SWITCH=FALSE;
SPC:=0;
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PLACE:=I;
EED
ELSE
SPC:=0;
END;
END; {FOR I:= TBEG ,TEND}

FOR J:=1 TO 3 DO

AVG:=AVG+BEST([J];

TEMP [CHT,2] :=AVG DIV 3;
‘AVG:=0;
TMPGTS:=TTGTS;
FOR J:= 1 TO 3 DO
BEST[J]:=0;
SPC:=0;
CRT:=CNT+1;
UNTIL TEMPICNT,1]=0;
SP_¥WGT:=0;
FOR I:=1 TO 18 DO
|SP_WGT:=SP_WGT+TEMP{1,2]:
|

END;  {PROCEDURE FIND_SPC}
|

i

{PROCEED detérmines.if the support meets the criteria for a candidate }
{support. criteria are: 1) be in visibility window, 2} nct a low flier}
{and 3) not fGTS maintenance : }
PROCEDURE PROCEED(TFIRST,TLAST,TTBEG,TTEND.ITREQ,TLDC,SNUH :INTEGER,

TSCHD : MATSD; VAR TDIFF, wSP :INTEGER; VAR GOCN :BOOLEAN);

[
|
VAR CHK1,CHK2,CHK3,CHK4 :BOOLEAN;
START : ﬁurscan;

BEGIN ’
\
|

CHK1:=FALSE;
CHK2:=FALSE;
CHK3:=FALSE;
CHK4:=TRUE;
IF (TFIRST >TTBEG-1) AND (TTEND-1 > TLAST) THEN
CHK1:=TRUE;
IF BVIS{TLOC,1]<>0 THEN {INDICATES A LOW ALT SUPPGRT}
CHK2:=TRUE; '
IF TSCHD[SKUM,1]<>888 THEN {888 INDICATES GTS DOWNTIME}
CRK3:=TRUE;
IF (TTERD-1 < TLAST) AND (TFIRST > TTBEG)
AND (TFIRST <TTEND) THEN

BEGIN
CHK1:=TRUE;
TDIFF:=TTEND-TFIRST;
START:=TSCHD [SNUN, 3] -TSCHD [SNUN, 4] ;
IF TTEND < START THEN
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END

0

{
{
{
{
{

VAR

BEG

TSP:=TTEND-TFIRST
ELSE
TSP: =START-TFIRST;
END;
START: =TSCHD [SNUM, 3] -TSCHD [SNUM, 4] ;
IF (TTB1G-1< START) AND (TFIRST < TTBEG-1)
AND (TLAST < TTEND-1) THEN

BEGIN
CHK1.=TRUE;
TDIFF:=TLAST-TTBEG;
TSP :=START-TTBEG

END;

IF (TFIRST >TTEXD-1) OR (TLAST < TTBEG-1) THEN

CHK4 . =FALSE;

IF (TSP > TTREQ-1) AKD (CHK4=TRUE) THEN:
BEGIX '
CHK3 :=TRUE;
CHK?2:=THUE;
CHK3:=TRUE;
END;

IF (CHK1=TRUE) AND (CHK2=TRUE) AND (CHK3=TRUE) THEN

GOON:=TRUE;

; {PROCEDURE PROCEED}

PT_INS PROCEDURE DOES THE FOLLOWING

determines the location where the support length plus free space is

greater than the request length of the unscheduled support

the location chosen is based on the minimum request length of the

scheduled support

'PROCEDURE OPT_XNS (TPOS_NUM :INTEGER; TSCHD :MATSD; THOLD :MATHO,
SPACE :MATSP VAR TMINL,TNSUP,TNGTS,BLOC :INTEGER;

VAR TCK,TMATCH : BOOLEAN );

1,J),X,SP,FIRST,LAST,DIFF,LOC,SCHLOC,SWGT,SREQ,SUPCNT

TTGTS,TGTS,BEST, TBEG, TEND,TREQ,WIND ,CNT,GTSCNT  :INTEGER;

RAT,TRATIO :REAL;
CHK :BCOLEAN;

s |
BEST:=0;
TMINL:=0;
SP:=0,
TOK:=FALSFE;
K:=0;
SUPCNT: =0;
TRATIO:=0.0;
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TTGTS:=0;
CNT:=0;
GTSCNT:=1;
WHILE (GTSCNT<16) AND (THOLD[GTSCNT,1]<>0) DO
GTSCNT:=GTSCNT+1;
IF GTSCNT=16 THEN
GTSCNT:=15;
REPEAT
CHK:=FALSE;
SUPCNT:=SUPCNT+1;
FIND_GTS(SUPCNT,TSCHD,THOLD,TGTS);
IF (TGTS<>19) AND (TTGTS<>TGTS) THEN
BEGIN
CNT:=CNT+1;
TTGTS:=TGTS;
FIRST:=0;
LAST:=1440;
END; {IF TGTS<>19 & TTGTS<>TGTS}
PARAM(TPOS_NUM,TGTS,TBEG,TEND,TREQ);
IF TBEG<O THEN

TBEG:=0;
- IF TGTS <> 19 THEN
BEGIN

LOC: =TSCHD [SUPCNT, 61 ;
SCHD_POS(TGTS,SUPCNT, TREQ, TSCHD, FIRST,LAST,DIFF,SP);
PROCEED(FIRST,LAST,TBEG, TEND, TREQ,LOC,SUPCNT, TSCHD,DIFF,SP, CHK) ;
IF (CHK=TRUE) THEN
BEGIN

IF (DIFF > TREQ-1) THEN
BEGIN
CASE SP-TREQ OF

0..1000: BEGIN
TOK:=TRUE;
TNSUP:=z999;
TNGTS :=TGTS;
TMINL:=FIRST;
TMIN:=0;
BLOC:=0;

TMATCH:=TRUE;
END; {CASE 0..1000}

-1000..-1: BEGIN
SWGT:=0;
FIND_SPC(LOC,TSCHD,SWGT);
SREQ:=BVIS([LOC,1]+TURN{LOC];
N:=1;
REPEAT
N:=N+1;
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UNTIL SUP[LOC,N]=TGTS;
WIND:=EVIS[LCC,N]-BVIS[LOC,N];
RAT:=SWGT*(WIND/SRER) ;
IF (RAT > TRATIO) THEN
BEGIN '
TRATIO:=RAT;
TOK : =TRUE;
TNSUP:=TSCHD [SUPCKT,1];
TMINL:=FIRST;
TAGTS:=TGTS;
BLOC:=LOC;
TMATCH:=FALSE;
END;
EKD; . {CASE -1000..-1}

END; <{CASE STATEMENT}

EXD; { IF DIFF> TREQ}

END; {IF CHK1& CHK2 & CHK3 =[RUE}
END; {IF TGTS <>19 WHICH 1MPLIES TGTS=SCED[M2,] }

UNTIL (TMATCH=TRUE) OR (TSCHD([SUPCNT,1]=0) OR (SUPCNT=400)
OR (CNT>GTSCNT);

END; <{PROCEDURE OPT_INS}

{OPT_ADD if a free space is available for a support, OPT_ADD adds the }-
{unscheduled support where the interchnaged support used to be and then}
{adds the bumped support into the location where the free space exceeds its}
{request length : }
PROCEDURE OPT_ADD(TNUM,TUSUP,UGTS,ULOC,UPOS,SUP1,GTS1,L0C1,POS1,
SUP2,GTS2,L0C2,P0S2 : INTEGER; . o
VAR TSCHD : MATSD; TUSCHD :MATUS; TFREE : MFREE);
VAR I,J,K,L,M,N,DIFF :INTEGER ;
TBEG,TREQ,TTUR :INTEGER;

BEGIN
L:=0;
REPEAT
L:=L+1;
UNTIL TSCHD(L,1]=0;
K:=1;
REPEAT
K:=K+1;
UNTIL SUP[UPOS,K]=UGTS;
TTUR:=TURN[UPOS] ;
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TREQ:=BVIS[UPOS,1];
TBEG:=ULOC+ITUR;
ADDSUP(TUSUP,UGTS, TBEG, TTUR, TREG, TNUM, L, UPOS, TSCHD, TFREE, TUSCHD) ;
IF SUP1<>599 THEN
BEGIN
I:=0;
REPEAT
I:=1+1;
UNTIL TSCHD(I,1]=SUP1;
M:=1;
REPEAT
M:=M+1;
UNTIL SUP[POS1,M]=GTS1; ,
DIFF:=(TSCHD([I,3]+TSCHD[I,5])~(TSCHD[I,3)-TSCHD(I,4]);
TFREE[UGTS] : =TFREE [UGTS]+DIFF;
TSCHD[I,2]:=GTS1;
TSCHD[I,3] :=LOC1+TURN[POS1];
TFREE[GTS1] : =TFREE[GTS1]-DIFF;
END; {SUP1 <>999}
IF SUP2<>999 THEN
BEGIN
- J:=0;
REPEAT
J:=J+l;
UNTIL TSCHD[J,11=SUP2;
N:=1,
REPEAT
N:=N+1;
UNTIL SUP[POS2,N]=GTS2; "
DIFF:=(TSCHD[J,3]+TSCAD[J,5])-(TSCAD[JI,3]-TSCHD(J,4]));
TFREE{GTS1]) : =TFREE[GTS1]+DIFF;
TSCED([J,2] :=GTS2;
TSCHD[J,3] :=LOC2+TURN[P0OS2];
TFREE[GTS2] : =TFREE[GTS1]-DIFF;
END; {SUP2 <>999}

SSORT(1,L,TSCHD) ;

END; <{PROCEDURE OPT-ADD}

L L T e T I Ty

{» *}
{ PROCEDURES THAT WRITE SCHEDULE RESULTS TO A FILE *}
{» ‘ *}

{#t*##*‘#t#****##*####t#tt###‘*‘#*‘**#t### #*‘##*i#t###t*##**##t#*#t‘###}

{ INIT_FSPACE initiliazes FRE_SPC array}
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PROCEDURE INIT_FSPACE(VAR TFRE_SPC:MAXSP);
VAR I,J : INTEGER;

BEGIN
FOR I:= 1 TO 18 DO
FOR J:= 1 TO 2 DO
TFRE_SPC[I, 3] :=0;

non

END; - {PROCEDURE INIT_FSPACE}

{WRITES OUT ALL SCHEDULED SUPPORTS TG A FILE

PROCEDURE WRT_SCHD(TSCHD: MATSD; VAﬁ INFILE1 :TEXT );

VAR SRT,TUR,REQ,GTSS,svpP,I,J,K,L,M,SSUP,ID :INTEGER;

S10 :STRING[101;
ST8 : STRING([8];
ST50: STRING[50];
TTGTS :STRING[6];
CH: STRI¥G[1];

INFILEK: TEXT;

SID : STRING([4];

BEGIN
ASSIGN(INFILEK, *C:\TP\SRSREAL\LOOK.DAT’);
RESET(INFILEK);
S10:=’ -
ST8:=? "
CH:=' ?;
ST50:=’Sup ID GTS Srt Tme
M:=1;
WRITELN(INFILE1,ST50);
REPEAT

SUPP:=TSCHD[M, 1];
GTSS:=TSCED[M,2];
SRT:=TSCHD[M,3];

" TUR:=TSCHD[NM,4];
REQ:=TSCHD[M,5];
IF SUPP<>888 THEN

BEGIN

RESET(INFILEK);

REPEAT
READLN(INFILEK,SSUP,CH,TTGTS,CH,ID);

UNTIL SUPP=SSUP;

STR(ID:4,SID);

END
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END;

{VRT_USCED Writes all the unscheduled supports to a file}
PROCEDURE WRT_USCHD( LF1 :MATLF; TUSCED :MATUS; VAR INFILE1

ELSE
SID:=’'DOWN’;

WRITELN(INFILE1,SUPP:4,CH,SID,S10,SGTS{GTSS],ST8,SRT:4,ST8,TUR:4,ST8

»REQ:4);
IF TSCHD[M,2]<>TSCHD(M+1,2] THEX

WRITEL¥(INFILE1,’ 000 duwn',slo ’NONE-& 0 C 0°);

M:=M+1;
UNTIL TSCHD[M,1]= o
CLOSE(INFILE1);

{PROCEDURE. WRT_SCHD}

J,X,L,LST,LAST,POSN :INTEGER;

VAR I,
SPC : STRING[50];
. BEGIN

SPC:=’Uscheduled Low Flier and ngh Flier Supports"

I1:=0;
REPEAT
I:=T+1;
USTIL (LF1{1]=99%) OR (LFi[I] 0);
LAST:=1I-1;
J:=0;
REPEAT
J:=J+1;
UNTIL (TUSCHD[J]=999) OR (TUSCED[J]=0);
LST:=J-1;
_WRITELE(INFILE1,SPC);
SPC:=’Low Flier Unscheduled Supports’;
WRITELN(INFILE1,SPC);
IF LAST >1 THEN
BEGIN
FOR K:= 1 TO LAST DO
BEGIN
J:=0;
REPEAT
J:i=J+1;

UNTIL (SUP[J,1]=LF1[X]) OR (J=420);

:TEXT) ;

WRITELN(INFILE1,SUP[J,1]:4,5UP[J,2]):4,5UP[J,3]:4,SU0P[J,4]:4);
WRITELN(INFILE1,BVIS[J,1]:4,BV1S{J,2]):4,BVIS(J,3]:4,BVIS[J,4]:4);
WRITELN(INFILE1,EVIS(J,1]:4,EVIS(], 2] 4,EVIS[J,3]):4,EVIS[J1,4]):4);

WRITELN(INFILE1);
ERD; {FOR K= 1,LAST}
END; {IF LAST>1

SPC:=’High & Medium Flier Unscheduled Suppcrts’;

WRITELN(INFILE1,SPC);
K=0;}




O B

REPEAT}
K:=K+1;}
FOR K:= 1 TO 300 DO
BEGIN
IF (TUSCHD{K] <>999) AND (TUSCHD[K]<>0) THEXN
BEGIN
POSN:=POS[K]; :
WRITELN(INFILE1,SUP[POSN,1]:4,SUP[POSN, 2] :4,SUPPOSN, 3] 4
,SUP[POSN, 4] :4,
SUP [POSN,5):4,SUP[POSKN,6] :4,SUP[POSN, 7] : 4, sup[vosn 8]:4,
SUP[POSN,9] :4,SUP[POSN,10] : 4,SUP[POSN,11] :4,SUP[POSN, 12] : 4,
sup[POSY,13] :4,SUP[POSK, 14] :4,SUP[POSN, 151 :4);
WRITELN(INFILE1); '
WRITELN(INFILE1,BVIS[POSK,1]:4,BVIS[POSN,2]:4, BVIS[POSN 3]:4
,BVIS[POSH,4]:4,
BVIS[POSN,5] :4,BVIS[POSN,6] :4,BVIS[POSN,7):4,BVIS{POSK, 8] : 4,
BVIS[POSN,9]:4,BVIS[POSN,10] :4,BVIS[POSN, 11]:4,
BVIS[POSN,12]):4,BVIS[POSN,13] :4,BVIS[POSN,14]):4
,BVIS[POST,15]:4);
WRITELN(INFILE1); ,
WRITELN(INFILE1,EVIS[POSN,1]:4,EVIS[POSK,2]:4,EVIS[POSN,3]:4
,EVIS[POSH,4]:4,
EVIS[POSN,5] :4,EVIS[POSN,6]:4,EVIS[POSN,7]:4,EVIS[POSH,8] : 4,
EVIS[POSN,9) :4,EVIS[POSN,10]:4,EVIS[POSN,11] :4,
EVIS[POSN,12]):4,EVIS[POSN,13] :4, sv:stposn 141:4,
EVIS[POSN,15]:4);
WRITELN(INFILE1);
WRITELN(INFILE1);
END; {IF USCHD <>}
END; {FCR K = 1, 300}
{ -~ URTIL TUSCHD[X]-7;}
CLOSE(INFILE1);

[ Xm)

END; {PROCEDURE WRT_USCHD}

{MAXSPC determines the max amount of free space for GTS after schedule }
{is built - Hopefully less free space between supports indicates more }
{supports scheduled }

PROCEDURE MAX_SPC (TSCHD: MATSD; VAR TFRE_SPC :MAXSP);

VAR I,J,K,SP,FIRST,LAST,TOT,TOT1,DIFF,TGTS,TOTAL,PLACE :INTEGER;
BEGIN
SP:=0;
DIFF:=0;
M:=1;
FOR I :=1 TC 18 DO
BEGIN

TFRE_ST2[,1]:=0;
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* PROCEDURE SCH_STATS(TLFSCHD,TLFUSCHD, THFTOT, TNUM :INTEGER; TFRE_SPC :MAXSP;

TFRE_SPC[I,2]:=0;
END; I
FOR TGTS:= 1 TO 18 DO
BEGIN :
REPEAT
IF TGTS=TSCHD[M,2] THEN
BEGIN ,
IF TGTS=SCHD[M+1,2] THEN
BEGIN ‘
FIRST:=TSCHD[M,3]+TSCHD[M,5];
LAST:=TSCHD [M+1,3]-TSCHD[M+1,4];
END {IF TTGTS=SCHD[M+1,2]}

ELSE
BEGIN
FIRST:=TSCHD[M,3]+TSCHD[N,5];
LAST:=1440;

END; {ELSE IF TTGTS=SCHD[M+1,2]}
SP:=LAST-FIRST,;

IF SP > DIFF THEN

BEGIN
DIFF:=5SP; -
PLACE:=FIRST;

END;

END; {IF TTGTS=SCHD(M,2]}
M:=M+1; . » ‘
UNTIL (SCHDIM,2i>TGTS) OR (SCED[M,2]=0) OR (M=400);
TFRE_SPC{TGTS, 1] :=DIFF;
TFRE_SPC[TGTS, 2] : =FLACE;
DIFF:=0;
END; {FOR TGTS = 1,18}

END; {PROCEDURE MAX_SPC}

TFREE :MFREE; TSGTS : AGRND);

VAR INFILE :TEXT;

SPC,SPC1,5P1 :STRING[80];
LF_PER,HF_PER : REAL;
HFSCHD ,LFTOT, CNT :INTEGER;
PERC : ARRAY[1..18] OF REAL;
SNUM: ARRAY([1..18] OF INTEGER;
HIGH : ARRAY[1..100,1..2] OF INTEGER;

EEGIX
'FOR I:= 1 TO 100 DO
FOR J:= 1 TO 2 DO
HIGH[I,J]:=0;
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FOR I:=1 TO 18 DO
SNUM[I]:=0; .
1:=0;
REPEAT
I:=1+1;
CNT:=SCHD[I,2];
IF CNT > G THEN
SNUM[CNT] : =SNUMICNT] +1;
IF SCHD[I,1)<>888 THEX
BEGIY
J:=0;
REPEAT
J:i=l+1; ‘
UNTIL (HIGH[J,1]=0) OR (BIGH[J,1]=SCHD[I,5]);
IF HIGH[J,1) = O THEN
BIGH{J,1] :=SCHD[I,S];
HIGH[J,2]:=HIGH[J,2]+1;
END; {iF SCHD[I,1]<>888}
UNTIL SCHD[I,1]=O;

ASSIGN(INFILE,'C: \TP\SRQREAL\SCH STAT DAT’);
REWRITE(INFILE

SPC."STATISTICS 0¥ SCHEDULE’;
WRITELN(INFILE,SPC);

SPC1:=’ v &
SP1:=2 ¢
WRITELN(INFILE,SPC);

SPC:=’Low Flier Schedule Statistics’;
WRITELN(INFILE,SPC);

WRITELN(INFILE,SPC1);

LF_PER: —TLFSC1D/(TLFSCHD+TLFUJCHD)*100
LFTOT:=TLFSCHD+TLFUSCHL ;

SPC:=’TOT TOT SCHD PERCENT sCH’;
VRITELN(INFILE,LFTOT,SP1,TLFSCHD,SP1,LF_PER);
HFSCHD : =THFTOT-TNUM;
HF_PER:=FFSCHD/THFTOT*100;

$PC :=? Med & High Flier Schedule Statistics
WRITELN(INFILE,SPC);

ﬁRITELN(INFILE,SPCl);

%PC ='TOT TOT SCHD PERCENT SCH’;
WRITELN(INFILE, THFTOT,SP1,HFSCHD,3P1,dF_PER);
WRITELN(INFILE,SP1);

SRC:=’Avg High Flier Density:’
WRITELN(IKFILE, SPC) ;
WRITELN(INFILE,AVGHF:6:2);
WRITELN(INFILE,SP1);

SP¢:=’GTS STATISTICS’;

WRITELN(INFILE,SPC);

SPC:=’ GTS % UTIL NUM SUP MAX FR SPC
WRITELN(INFILE,SPC);

FOR I:= 1 TO 18 DO
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BEGIN
PERC[I]:=((1440-TFREE[I])/1440)%100;
'WRITELN(INFILE,TSGTS[I],SP1,PERC[I],SP1 SNUH[I]

SP1,TFRE_SPC[I,1],SP1,DOWN1[I]);

END;

WRITELN(IKFILE,SP1);

SPC:=’HIGH FLIER SUPPORT STATISTICS’;
WRITELN(INFILE,SPC); ‘

SPC:=’ Sup Len : No.’;
YRITELN(INFILE,SPC);

J:=0;

REPEAT
Ji=J+1;
WRITELN(INFILE,EIGH([J,1]:6,BIGH[J,2] 4)

UNTIL BIGH[J,1]=0;

CLOSE(INFILE);

EED; {PROCEDURE SCHD_STATS}

e e T L S Ty

{» *}
{» BEGIKXING OF MAIN PROGRAM =}
{» ' *}
B L T e P P PSS BT P T P PP e T Ay |
BEGIN

INIT;

K:=0;

{Read in GTS down time fo. this day}
DOWN(SCHD,DOWN1,TDOWN) ;

{assign data files ' }
ASSIGN(INFILELK, ’c: \tp\srsREAL\LOOK DAT’);
REWRITE(INFILELK);

(»data base file for all srs records *)

ASSIGI(IIFILE,’c:\tp\s;sREAL\SUPLFl.DAT‘);
RESET(INFILE);

{ Read data file with all srs records}
NUMREC:=0;
WHILE NOT EOF(INFILE) DO
BEGIN
READLE(INFILE,SU,CH,TGTS,ABV,AEV,RE,TA,ID,REVV);
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" KUMREC:=NUMREC+1;
FLAG:=0; - {IEDICATES THAT THE SUPPORT IS A LOW FLIER}

FILLARR(SU,ABV,AEV,TA,RE,FLAG,TGTS,SGTS,SUP,BVIS
,EVIS, TURN,WGT,USCED) ;
WRITELN(INFILELK,SU,CH,TGTS,CH,ID);

END; _
close(infile);
close(infilelk);
FOR 1:=1 TO 3 DO

BEGIN
CASE I OF
1: assign(infile,’C:\TP\SRSREAL\sch.dat’);
2: ASSIGN(INFILE,’C:\TP\SRSREAL\SCH1.DAT’);
3: ASSIGN(IRFILE,’C:\TP\SRSREAL\SCH2.DAT’);
" END;  {CASE}
{$T-} RESET(INFILE) {$I+};
OK:= (IOResult = 0);

IF OK=TRUE THEN
BEGIN

CASE I OF

1: assign(infilel,’C:\TP\SRSREAL\sup.dat’);
2: ASSIGB(INFILEi,’C:\TP\SRSREAL\supl.DAT’);
3: ASSIGN(INFILE1,’C:\TP\SRSREAL\Sup2.DAT’);

V END;  {CASE}

FILLSCH(INFILE,INFILE1,SCH);
FSCHD(INFILE1,SUP,SCH,SCHD,USCHD);

‘END; {IF OK }
EN¥D; { FOR LOOP}

{ sort scheduled suppports by gts and start time }
J:=0;
REPEAT
~Ji=J+1;
UNTIL SCHD[J,2]=0;
LAST:=J-1;
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SSORT(1,LAST,SCHD);

{sort unscheduled low altitude supports ‘ ‘ }
L:=1;
WHILE USCHED{L]<>0 DO
L:=L+1;
LFSORT((L-1) ,USCHD,POS);
FOR I:= 1 TO (L-1) DO
BEGIN
FOR J:=(I+1) TO (L-1) DO
BEGIN
IF (USCHED[I]=USCED[J]) THEN
USCHDJ] :=999;
END;
END;
LFSORT((L~1) ,USCED,P0S);

{ start local interchange procedure with low altitude supports}
UNUM:=1;
WHILE (USCHD[UNUM] <>0) AND (USCHD[UNUH] <>999) DO
BEGIN
MATCH:=FALSE;
FLG:=0;
USUP:=USCHD [UNUM] ;
IF (USUP <>999) AND (USUP <>0) THEN
BEGIN
INIT_HLD(HOLD);
NUM:=0;
USCH_GTS(USUP, FLG, NUJi{,HOLD,SUPLOC,SUP) ;
FIND_SUP(SUPLOC,HOLD,WGT,TURN, SUP,BVIS,EVIS,FLAG,GTSNUM);
IF FLAG=0 TEEN {CHECK THIS OUT LATER}
BEGIN
GTS:=HOLD [GTSNUM,1];
NUM:=1;
REPEAT
NUM:=NUM+1;
UNTIL SUP[SUPLOC,NUM]=GTS;
SUPP : =USCHD [UNUM] ;
BEG:=BVIS[SUPLOC,NUM];
REQ:=EVIS[SUPLOC,NUM] - BVIS(SUPLOC,NUM];
TUR: =TURN [SUPLOC] ;
M:=0;
REPEAT
M:=M+1;
UITIL SCED[M,1]=0;
ACDSUP(SUPP,GTS,BEG, TUR, REQ,UNUM, ¥, SUPLOC,SCHD ,FREE,USCHD) ;
LAST:=LAST+1;
SSORT(1,LAST,SCHD);
END; { FLG =0}
USCH:=1;
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WHILE (HOLD[USCH,2] <> 0) AND (MATCH=FALSE) AND .(FLAG <2)
' AND (FLAG >0) DO
BEGIN
UGTS:=HOLD [USCE, 1];
SUPLOC:=0;
REPEAT
SUPLOC :=SUPLOC+1;
UNTIL HOLD[USCH,?2]=SUP(SUPLOC,1];
IF WGT[SUPLOC] >1 THEN
BEGIN ‘
SYPP:=HOLD [USCH,2] ;
GTSNUM:=1;
REPEAT
GTSNUM: =GTSNUM+1;
IF HOLD{USCH,1] < SUP[SUPLOC GTSNUM] THEN
BEGIN
GTS.eSUP[SUPLOC,GTSNUH];
BEG:=BVIS [SUPLOC,GTSNUM]~TURN[SUPLOC] ;
ENDD:=EVIS[SUPLOC,GTSNUM];
CHK{(BEG,ENDD, GTS,SUPP,SCHD,MATCH) ;
IF MATCH=TRUE THEN
BEGIN
TSUP:=SUP[SUPLOC,1];
BEG:=BVIS[SUPLOC,GTSNUM];
REQ:=EVTS[SUPLOC, GTSNUM]-BVIS [SUPLOC, crsxuu]
TUR:=TURN [SUPLOC] ;
UBEG: =HOLD [USCH, 3] ;
UTUR:=HOLD [USCE, 4] ;
UREQ:=HOLD [USCH,5] ;
SWITCH(TSUP,GTS,BEG,REQ, TUR,USUP,UGTS, UBEG
,UTUR, UREQ, SUPLOC, SCHD,USCHD) ;
LAST:=LAST+1;
SSORT(1,LAST,SCHD);
END; {MATCH = TRUE}
END; {HOLD <> SUP}
. __UNTIL (SuP[SUPLOC,GTSNUMI=0) OR (MATCH=TRUE);
END; {IF WGT[SUPLOC] >1 }
USCH:=USCH+1;
END; {WHILE HOLD[USCH,2)<>0 AND HATCH FALSE}
UNUM:=UNUM+1;
END; {IF USUP = ...}
END; {WHILE UNSCHED[UNUM]<>0}

LF_COLLECT(TDOWK ,LFSCHD ,LFUSCHD,LF_USCH,USCHD,PQS) ;

(####!#t#*t#t**#*##*#*#*##*t*t#t***t‘*#t#t##**‘#tt*‘*ﬁ*#*tﬁtlttitﬁﬁ*#**)

(* ‘ : )

(» start insertion process now *)

(‘ ' :)
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{#ipe out all unscheduled 1low altitude supports }
{ assuning that these supports can not be scheduled and }
{ coordination required to get them scheduled }
Ji=1;
REPEAT
USCHD[J]:=0;
J:=J+1;
UNTIL USCHD[J]=0;

{detcrmine the amount of free space available at each GTS that a}
{support can be scheduled at : }

FREE_SPC(SCHD ,FREE);

(*data file for alllhigh flier records records . *)

ASSIGH(INFILE, *C:\TP\SRSREAL\SUPHF1.DAT’);
RESET(INFILE,;

ASSIGN(INFILELK, 'C:\TP\SRSREAL\LOGK.DAT’);
APPEND(INFILELK); '

{ read in all high flier records ' }

WHILE NOT EOF(INFILE) DO
BEGIN
READLN (INFILE,SU,CH,TGTS,ABV,AEV,RE, TA,ID,REVV),
NUMREC: =NUMREC+1;
FLAG:=1; {INDICATES THE SUPPORT IS A HIGH FLIER}
FILLARR(SU, ABV,AEV,TA,RE,FLAG,TGTS,SGTS
,SUP,BVIS,EVIS, TURN,WGT,USCHD) ;

WRITELN(INFILELK,SU,CHd,TGTS,CH,ID);
END; {WHILE NOT EOF}

CLOSE(INFILELK);
CLOSE(INFILE);
J:=0;
TOTHAF:=0;
REPEAT

Ji=J+1;

POSK:=P0OS[J];

TOTHF: =TOTHF+8VIS[POSN, 1];
UNTIL USCHD(J]=0;
AVGHF:=TOTHF/J;
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HFILL(USCHD,POS,SUP,WGT ,BVIS,EVIS);
{start insertion routine - sort hf supports by sdp len, flexibility, vis}

RFSORT (USCHD, PCS  HTTOT) ;

USCHD_NUM:=1;

WHILE USCHD{USCHD_NUM]<>0 DO
BEGIN i

{#+e++ RANK ORDER THE UNSCHEDULED SUPPCRTS BY GTS WITH MOST FREE SPACE = '#s}
FLAG: =1,
PUS_NUM:=T0S[UsCBD_N'M];
ISERT: =FALSE;
MIN:=2040;
MAX:=0;
N:=0;
TSU:=0;

INIT_HLD(EOLD);
USCH_GTS(TSU,FLAG,POS_NUM,HOLD,N,SUP);
INS_GTS(FREE,HOLD);

MATCH:=FALSE;
L:=0;
RCPEAT
L:=L+4;
GTS:=HOLD[L,1];
INT_SPC(SPACE);
{ PUT INSFRTION PROCEDURE HERE, MIK MAX REQ>MIN-5 OR MAX > REQ + 60 }
{ MATCH =TRUE }
IF GTS <>0 THEN
BEGIN
FILL_SPC(GTS,SCHD,SPACE);
N:=1;
REPEAT
o N=Net, )
UNTIL SUP[POS_NUM,N]=GTS;
UBEG:=BVIS[POS_NUM,N]-TURN[POS_NUM];
REQ:=BVIS[POS_NUM,1]+TURN[POS_NUM];
ENDD:=EVIS[POS_NUM,N];
INSERT (UBEG,ENDD,REQ,SPACE,TMAX,THIN
,TMINL ,TMAXL,0K);
IF OK=TRUE THEN
BEGIN
ISERT:=TRUE;
CHK_INS(REG,GTS,TMAX,TMIN,TMAXL, TMINL ,MAX MIN
LMAXL MIKL MINGTS,MAXGTS,MATCH);
END; <{OK=TRUE}
ERD; {GTS <>0}
UNTIL(HOLD{L,1]=0) OR (MATCH=TRUE);
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{ ureq = difference between min and req when match = false
{ utur = difference betveen max and req when match = false
{ OBJECT HERE IS TO MINIMIZE WASTED SPACE IN SCHEDULE

N

IF  (MIN<>1000) AND (MAX<>0) THEN
BEGIN ' .
INS_CK(MAX,MIN,REQ,MAXL ,MINL ,MAXGTS,MINGTS,POS_NUM,MATCH,GTS,BEG);
SUPP:=USCHD[USCHD_NUM] ;
REQ:=BVIS[POS_NUM,1];
TUR:=TURN[POS_NUM];
J:=0;
REPEAT
J:=J+1;
UNTIL SCHD[J,1]=0;
FLG:=1;
- ADDSUP(SUPP,GTS,BEG, TUR ,REQ, USCHD_NUM, J,POS_KUM , SCHD
,FREE,USCHD) ; '
SSORT(1,J,SCHD);
END; { MIN<>1000 AND MAX<>0}
USCHD_NUM: =USCHD_KUX+1;
END;  {WHILE USCHD[USCHD_NUM<>O}

(‘t‘“‘t##t##‘t##t*‘#it#*t#‘#‘tt“#t#“t*t#t*#t#t“*#‘tt#t‘tit#‘t##t##t*t)

(» *)
(» start high flier 3 opt bumping procedure *)
(» *)

(tt‘#“t‘####*i#tt*“#t#tttt#t‘l“*‘#‘t‘*#tl‘#t*‘#####tt**t*#*t*##*#*t‘*#)

NUM:=1;
WHILE USCHD{NUM]<>0 DO
BEGIN

IF USCHD[XUM]<>999 THEN
BEGIN

INIT_HLD(HOLD);

FLAG:=1;

POS_NUM: =POS{NUNM] ;

USUP: =USCHD [NUM] ;
USCH_GTS(USUP,FLAG,POS_NUM,HOLD,N,SUP);

OPT_INS(POS_NUM,SCHD,HOLD,SPACE,
UsH_LOC, INT1_SUP,USB_GTS,INT1_POS,GOON,STOP);
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{ says an insertion was possible}

IF STOP=TRUE THEN
INT2_SUP:=999;

{ insertion not possible, but a scheduled support to interchange was found}
IF (GOON=TRUE) AND (STOP=FALSE) THEN

BEGIN
INIT_HLD(HOLD);
FLAG:=1;

USCH_GTS(INT1_SUP,

OPT_INS(INT1_POS,SCHD,HCLD,SPACE,

INT1_LOC, INT2_SUP,INT1_GTS,INT2_P0OS,GOON,STOP);
END; {IF GO=TRUE AND STOP=FALSE}

{ insertion not possible, but a scheduled support to interchange was found}

IF (GOON=TRUE) AND
BEGIN
INIT_HLD(HOLD);
FLAG:=1;

USCH_GTS(INT2_SU#,FLAG,INT2,POS,HOLD,N.SUP);

OPT_INS(INT1_POS,SCHD,HOLD,SPACE,
INT2_GTS,OPTDIFF,GOON,STOP);

OPTLOC, INT2_SUP,

END; <{GOON=TRUE & STOP=FALSE}

IF STOP=TRUE THEN

OPT_ADD (NUM,USUP

FLAG,INT1_POS,HOLD,N,SUP);

(STOP=FALSE) TEEN

,USH_GTS,USH_LOC,POS_NUM, INT1_SUP,
INT1_GTS,INT1_LOC,INT!1_POS,INT2_SUP,INT2_GTS,INT2_LOC,
INT2_POS, SCHD,USCHD,FREE);

END; {IF USCHD[NUH])<>999}

NUM:=NUN+1;

END; {WHILE USCHD([NUM]<>0 DO}

J:=0;
REPEAT
J:=J+1;
UNTIL SCHD{J,1]=0;
NONFL(j,SCHD);
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J:=0;

REPEAT

o Ji=J+tg

UNTIL scupiJ,1]=0;
SSORT(1,J-1,SCHD) ;

I I I T T I T eI Iy

(= »)
(* Put in procedures that write out results of schedule *)
(» : ' %)

(L T e P S L LR L))

END.

ASSIGN(INFILE,’C:\TP\SRSREAL\SCHEDULE.DAT’);
REWRITE(INFILE);

WRT_SCHD(SCHD,INFILE);

ASSIGN(INFILE,’C:\TP\SRSREAL\UNSCHED.DAT’);
REWRITE(INFILE);
NUM:=0;
HFNUM:=0;
REPEAT
NUM:=NUM+1;
. IF USCHD[NUM]<>999 THEN
BEGIN
HFNUX: =HFNUM+1 ;
END;
UNTIL USCHD[NUM]=0;
WRT_USCHD(LF_USCH,USCHD,INFILE);
MAX_SPC(SCHD,FRE_SPC);
NUM:=0;
REPEAT
NUM:=NUM+1;
UNTIL USCHD([NUM]=999;
NUM:=RUM-1;
SCH_STATS(LFSCHD,LFUSCHD,HFTOT,HFNUM,FRE_SPC,FREE,SGTS);

NUM:=0;
REPEAT

NUM:=NUM+1;
UNTIL USCHDI[NUM]I=0;
NUM:=NUM-1;
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Appendiz B. Sample SRS database

The data from the ASTRO general list fle was stored in two databases: a low

altitude database and a high altitude datab

ology (MIP,l2 interchange, insertion, and 3

ase. Every section of the SRS niethod-

interchange procedures) requires infor-

mation from these databases. Each database is read in by the program and the

information contained in the databases is stored in arrays Table B.1 provides sample

low altitude support entries in the database. A support in this database is identi-

fied by an identification number (ident) and

given a support number of identification pu

revolution number combination and is

rposes. Additionally, each entry in the

database associates a specific support with a specific RTS. In Table ??, ident 2532

and revolution number 8073 would identify
required because ident 2532 could have two
the label would distinguish between each su
visible to two RTSs, there are two entries.

beginning and ending visibility v'mes are in

a support labeled 76. The label 76 is
support requirements during a day and
pport requirement. Sim_:e support 76 is
in the database for this support. The

minutes. For example, the time 666 in

the database equates to 1106 in the hhmm format.

The databases for each data set were n

each day, the two databases were thirty page

ot included in this thesis docqment. Fer

s long. Including these databases would

the docnment would then be over three hun

add one hundred eighty pages to the length of the document. The total length of

dred and fifty pages, which is too long.

However, the databases are available upon request.
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Table B.1. Sample Low Altitude Database Entries

| Block 1 Data |
“[SupNo. || RTS || BV | EV || ReqLen || TAT [ Ident || Rev No |
76 PIKE-A || 642 || 647 5 20 | 2532 || 8073.1
76 POGO-C | 643 || 658 15 15 || 2532 || 8073.2
289 INDI-A || 643 || 644 1 20 |l 9845 | 9291.0
24 LION-B | 645 | 661 || . 16 15 || 1056 || 9756.3
188 GUAM-A | 645 || 653 8 20 || 6790 || 2683.0
272 BOSS-B || 648 || 663 15 20 |1 9757 || 773.3
272 PIKE-A || 649 || 664 15 20 || 9757 | 773.3
55 BOSS-A || 651 |} 668 17 20 || 1748 || 9480.1
171 POGO-A | 653 || 668 15 15 | 6553 || 3864.2
3 POGO-A |l 654 | 671 17 20 || 286 || 2360.5
39 LION-A || 654 | 667 13 20 || 1132 || 6856.1
8 - INDI-A || 657 || 661 4 15 || 4774 || 2583.5
55 POGO-B | 660 || 676 16 20 | 1748 || 9480.2
289 POGO-C || 663 || 679 16 15 | 9845 |j 9291.2
95 INDI-A || 667 || 679 12, 20 || 3187 || 5786.9
171 BOSS-A | 667 || 675 15 || 6553 || 3864.3
- 171 | -PIKE-A |f 667 || 682 B 20 | 6553 || 3864.3
188 POGO-C || 667 || 683 16 15 || 6790 || 2683.2
95 GUAM-B || 669 |l 681 12 20 || 5821 || 4736.1
171 COOK-A |l 669 || 683 14 15 || 6553 || 3364.4

B-2




- Appendiz C. Schedule for First Dato Set
Overview

This appendix contains the following infermation.

e Schedule of Satellite supports and RTS downtime requirements .

e List of unscheduled satellite.supports

Schedule for data set 1

Note: The day was divided into one minute increments. The Strt Tme and
Req Len columns are represented in minutes. For example, the start time of 1410 is

equivelent to 2330, The request length of 90 is equivalent to one hour thirty minutes.

Sup IRON ©  RTS Strt Tme ~ Req Len TAT

13 1056 " POGO-A 51 13 20 R
888 DOWN POGO-A ' 67 70 0 &
14 1056 POGO-A 150 13 20
391 6374 POGO-A 199 15 15
98 6553 POGO-A 234 14 20 3
72 4774 POGO-A 268 11 20
409 7225 POGO-A 348 175 1§
139 9757 POGO-A 559 - 16 19 B
417 7304 POGD-£ 591 10 15
104 6553 POGO-A 625 14 20 o
77 4774 POGO-A 660 14 20 o
30 1056 POGO-A 756 16 20 M
888 DOWN POGO-A 772 67 0 .
81 4774 POGO-A 854 14 15
380 6012 POGO-A 918 13 15
109 6553 POGO-~A 1024 12 .15 o
148 9757 PGGO-A 1062 12 15 '
421 7304 POGO-A 1090 15 15 N
111 6553 POGC-A 1123 13 15 v
152 9757 POGO-A 1161 13 20 -
888 DOWN POGO-A . 1164 41 0
113 6553 POGO-A 1221 14 15 i
154 9757 POGO-A 1260 14 20
157 9757 POGO-A 1359 16 20
o
C-1 £
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378
888

17
100

73
888

20
452

24
448

26
416

79
418
888
494
419
413
313
440
497
888
114

10

49
888
71
168
60

463
61

427
62

319
53

428
5"
888
64
65

430
86

382
67

6012
DOwN
1056
6553
4774
DOWN
1056
8896
1056
8639
1056
7304
4774
7304
DOWN
7506
7304
7225
2524
75086

470
DOWN
6553
1056

2532
DOWN
4774
9845
3187

286
9434
3187

286
7310
3187

286
3055
2532

286
7310
2532
JOWN
3187
3187

286
7310
4774

286
6012
3187

POGO-B
POGO-B
POGO-B
POGO-B
POGO-B
POGO-B
POGO-B
POGO-B
POGO-B
POGO-B
POGO-B
POGO-B
POGO-B

POGO-B

POGO-B
FOGO-B
POGO-B
POGO-B
POGO-B
POGO-B
POGO-B
POGO-B
POGO-B
POGO-B

POGO-C
POGO-C
PCGO~-C
POGO~C
POGO-C
POGO-C
POGO-C
POGO-C
POGO-C
POGO-C
POGO-C
POGO-C
POGO-C
POGO-C
POGO-C
POGO-C
POGO-C
POGO-C
POGO-C
POGO-C
POGO-C
POGO-C
POGO-C
POGO-C
POGO-C
POGO-C

15

© 105

249

387
379
449
482
551

' 583

653
685

787

787

800
1020
1051
1085
1111
1172
1225

1243
‘1318

1362

26
41
169
217
326
364
392
426
466
496
527
567

599

638
669
701
739
753
834
939
971
1003
1047
1071
1103
1145

20

130
15
14
12
50
17
40
16
48
16
47
14
i0
180
15
15
10
45
10
15
60
15
13

16
110
10
16
16
12

157

17
14
10
16
16
19
13
16
20
14
66
14
11
16
20
14
16
25
13

15

20
15
15

20
15
15

15

20
15
20
15

15 .
15
15
15
15

- 15

15
15

15

15
15
15
15
15
16
16
18
15
15
15
15
15
15
15

15
15
15
15
20
10
15
15

2

SR

.oy
Aj,g.,

&
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10

€8
57
888

486
443
883
135
487
888
406

29
438
106
491

84
467
150
888
326
425

" 499

454
383

384

400

464

403
134

377

51
888
52
119
434
432
28
305
105
888
107
341
83
66
149
490
47

286
3187
12532
DOWN

6012
7837
DOWN
9757
6012
DOWN
6738
1056
7506
6553
9445
4774
9443
9757
DGWN
32310
7304
6142
9363
6012

6071

286
6451

286
9441
6453
9757
5953
2532
DOWN
2532
6790
7314
7314
1056
1864
6553
DOWN
6553
4373
4774
3187
9757
9445
1132

POGO-C
POGO-C
POGD-C
PCGO-C

HULA-A
HULA-A
HULA-A
HULA-A
HULA-A
HULA-A
HULA-A
HULA-A
HULA-A
HULA-A
HULA-A
HULA-A
HULA-A
HULA-A
HULA-A
HULA-A
HULA-A
HULA-A
HULA-A
HULA-A

HULA-B
HULA-B
HULA-B
HULA-B
HULA-B
HULA-B
HULA-B
HULA-B
HULA-B
HULA-B
HULA-B
HULA-B
HULA-B
HULA-B
HULA-B
HULA-B
HULA-B
HULA-B
HULA-B
HULA-B
HULA-B
HULA-B
HULA-B
HULA-B
HULA-B

1171
1247
1335
1350

15

91
200
335
367
5§20
699

736 . .

768
807
836
970
1000
1079
1085
1163
1224
1324
1370
1401

15
139
200
238
270
300
335
367
413
430
515
551
577
623
736
773
807
820
904
933
970

1020
1079
1111
1169

C-3

17

15
16
90

60
35
115
16
150
163
15
16
1€
13
25
11
10
16
€2
45
10
25
10
36

30
14
15
16

«
Fs

16
16
20
17
65
12
10
30
18
16
10
13
64
13
15
11
16
16
35
12

10
15
15

15
15

20
15

15
20
15

20

15
20
15
20

15
15
15
20
15

15
20
15
20
15
15
20
15
20

20
20
15
15
20
20
20

20
15
20
20
20
15
20




120

56
888
375

445
. 170
888
387
314
317
- 385
397
123
888

22

410
411
888
379
492
128
129
442
501
91

95
386
312
447
485

43
888
412
401

93
398
144
146
888
414

38
888
117

94
449
362
133

6790
2532
DOWN
5953

8275
4774
DOWN
6142
2524
3028
6071
6392
7050
DOWN
1056
7225
7225
DOWN
6012
7310
7050
7050
7641
8639
4774

9794
6553
6071
2272

8275

8639
1132
DOWN
7225
6451
6142
6394
9757
9757
DOWN
7228
1056
DOWN
6553

6583
8701
5329
9757

RULA-B
HULA-B
HULA-B
HULA-B

COCK-A
COOK-A
COOK-4A
COOK-4
COOK~-A
COOK~A
COOK-A
COCK-A
COOK-A
COCK~A
COOK-A

COCK-A -

COOK-A
COOK-A
COOK-A
COOK-4
COOK-A
COOK-4A
COOK-A
COOK-4
COOK-A

COOK-B
COOK-B
COOK-B
COOK-B
COOK-B
CO0K-B
CGOK-B
COOK-B
CO0K-B
COOK-B
COOK-B
COOK-B
COOK-B
COOK-B
COOK-B
COCK-B
CO0K-B
COOK-B
COOK-B

INDI-A
IRDI-A
INDI-A
INDI-A

1222
1257
1268
1414

15
54
80
155
283
314
375
400
441
452
539
570
776
871
1107
1158
1192
1293
1324
1371

1425

15
54
84
200
231
277
349
354
612
673
792
824
874
975
989
1081
1274
1240
1425

13
44
109
179

C-4

12
11
130
20

15
13
60
87
15
45
10

10,

11
€9
15
190
15
220
35
10
14
15
20
15
15

18
14
57
18
3¢

15 -

15
242
45
30
16
30
16
14
76
175
16
75
18

15
49

" 35

16

20
20

15

15
20

15
15
15
15
15
20

20
15

15
15
20
20
15
15
15

15
15
15
15
15
15
20

15
15
15
15
20
20

15
15

15

15
15
15
20




888
323
324
371
450
372
888
458
420
888
46
346
374
368

. 39

116
344

308
338
461
309
888
102

74
475
316

75
408
141
888

45

. 423

33
330
307
393
415
303

130
888

92
339
335
394

18
345
304
315
433

DOWN
3160
3160
5775
8896
5775
DOWN
9365
7304
DOWN
1132
4832
5775
5775
1356
6553
4524

2124
4035
9366
2124
DOWN
6553
4774
9794
2941
4774
7228
9757
DOwWN
1132
7304
1056

3726

2124

6391

7225
712

9757

DOWN
5821
4035
4035
6391
1056
4524

712
2567
7314

. INDI-A
INDI-&
INDI-A

INDI-A
INDI-A
INDI-A
INDI-A
INDI-A
INDI-A
INDI-A
INDI-A
INDI-A
INDI-A
INDI-A

. INDI-A

INDI-A
INDI-A

BOSS-A
BOSS-A
BOSS-A
BOSS-A
BOSS-A
BOSS-4
BOSS-A
BOSS-A
BOSS-A
BOSS-A
BOSS-4
BOSS-A
BOSS-A
BOSS-A
BOSS-A

BOSS-A

BOSS-A
BOSS-A
BOSS-A
BOSS5-A
BOSS-A

BOSS-B
BOSS-B
BOSS-B
B0SS-B
BOSS-B
BOSS-B
BOSS-B
BOSS-B
BOSS-B
BOSS-B
BOSS-B

165
316
352

400

436
5C0
521
721
795
940

1025

1127
1170
1286
1333
1389
1417

15
51
77
123
200
421
475
503
537
5§71
602
670
686
769
799
970
1004
1065
1100
1141
1397

39

54
163
210
256
282
340
371
422
477
538

1)

105
20
20
20
40
20

184
58

145
71
14
10

100
20
16
12
10

20
10
30
20
201

13
12

15

15 -

15
10
16
€3
14
115
13
45
20
10
235
30

16
140
12
30
10
30
15
30
15
45
30

15
15

‘15
15
15

15
15

20
15
15
15
20
15

15

15
15
15
15

20

20
15
15
15
15
20

20
15
20
20
15
15
15
20

19

20
16
15
15
20
15
20
15
15




*
. B
340 4035 BOSS-EB 600 10 15 4
a4 1132 BOSS-B 668 15 20 ;é%
381 6012 BOSS-B 701 50 15 o
142 9757 30SS-B 771 15 20 é%
888 DOWN BOSS-B 786 60 0 i
55 2532 BOSS-B 848 <15 15 g )
390 6280 BOSS-B 882 30 15 &t
441 7506 BOSS-B 1028 20 15 2
35 1056 : BOSS-B 1070 16 20
888 DOWN BOSS-B - 1100 111 0
89 4774 BOSS-B 1232 15 15
11 286 BOSS-B . 1264 .16 15
389 6280 BOSS-B 1296 10 15
115 6553 BOSS-B 1327 13 20
12 286 BOSS-B 1366 14 5
503 1920 BOSS-B 1396 Y 15
58 2532 BOSS-B 1426 14 13
888 DOWN LION-A 0 120 0
364 5681 LION-A 136 a5 15
1360 5329 LION-A 197 20 15
363 5329 LION-A 233 55 15
460 9366 LION-A 304 30 15
342 4373 LION-A 350 45 15
301 470 LION-A 412 45 15
396 6392 LION-A 473 30 15
888 DOWN LION-A 518 182 0
369 5775 LION-A 716 20 15
459 9366 LION-A 762 30 15
124 7050 LION-A 806 15 20
80 4774 LION-A 845 12 15
108 6553 LION-A 933 14 15
126 7050 LION-A 1010 15 20
147 9757 LION-A 1052 11 20
151 9757 LION-A 1150 16 12
373 5775 LION-A 1182 20 15
347 4832  LION-A 1218 10 15
153 9757 LION-a 1252 15 15
302 712 LION-A 1288 10 20
343 4524 LION-A 1330 15 15
156 9757 LION-A 1358 9 12
465 9442 LION-A 1383 10 15
361 5329 LION-B 15 20 15
888 DOWN LION-B 100 105 0
97 6553 LION-B 225 14 15
42 1132 LION-B 271 13 14
334 4035 LION-B 300 10 15
99 6553 LION-B 325 . 11 15
136 9757 LION-B 365 16 15
453 8896 LION-B 397 4s 15
C-6
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137
"g88
336
27
311
337
31
125
82
422
349
348
888

888
121
365
15
320
484
480
404
‘101
888
436
138
468
140
325
370
888
32
466
34
888
496
367
495

888
321
322
405
888
328
399
888
124
470
376
110

9757
DOWN
4035
1056
2124
4035
1056
7050
4774
7304
4845
4845
DOWN

DOWN
7050
5681
1056
3160
3028
7304
6453
6553
DOWN
7506
9757
9444
9757
3310
5775
DOWE
1056
9443
1056
DOWN
7225
£775
7225

DOWX
3160
2160
6453
DOWN
3726
6394
DOWN
7080
9445
5953
6553

LION-B
LION-B
LION-B
LION-B
LION-B
LION-B
LION-B
LION-B
LION-B
LION-B
LION-B
LION-B
LION-B

GUAM-A
GUANM-A
GUAM-A
GUAK-A
GUAM-A
GUAM-A

GUAM-A -

GUAM-A
GUAM-A
GUAM-A
GUAM-A
GUAM-A
GUAM-A
GUAM-A
GUAM-A
GUAM-A
GUAM-~A

" GUAM-A

GUAM-A
GUAM-A
GUAM-A
GUAM-A
GUAM-A
GUAM-A

GUAM-B
GUAM-B
GUAM-B
GUAM-B
GUAM-B
GUAM-B
GUAM-B
GUAM-B
GUAM-B
GUAM-B
GUAM-B
GUAM-B

166
482
615
665
700
800
867
907
940
971
1157
1203
1259

108
139
173
203
239
270
300
355
369
508
635
566
636
667
700
800
935
1000
1039
1070
1216
1357
1393

216
2F%
200
351
485
€96
714
838
867
980
1098

16
117
25
13
20
10
15
15
15
170

30

30
181

88
16
15

14

20
16
18
30
14
123
10
15
35
15

15

15
120
16

15

11
130
125

20

15

200
20
20
30

123

195
10

104
13
25
20
14

20

15
15
15
15
20
20
18
15
15
15

20
15
15
15

15

15
18
15

15
15
15

15

15

15

15

15
15

15
15

15

i5
15
15

10
15

20
15
15
20




888
88
155
48

446
310
132
888
122
462
402
483
407

19
456

23
429
103

888

444
332
431

36
888
455
424
502

888
131
435

41
474
473
469
327

21
306

25

76
888

78
451
143
488
472
145
888
439
489

DOWN
4774
9757
1132

8275
2124
9757
DOWN
7050
9366
6451
1920
7225
1056
9364
1056
7310
€553
DOWN
7837
3726
7310
105€
DGWN
9364
7304
8639

DOWN
9757
7506
1132
9783
8521
9444
3726
1056
1920
1056
4774
DOWN
4774
8896
9757
5329
9446
9757
DOWN
7506
5329

GUAM-B
GUAM-B
GUAM-B
GUAM-B

PIKE-A
PIKE-A
PIKE-A
PIKE-A
PIKE-A
PIKE-A
PIKE-A
PIKE-A
PIKE-A
PIKE-A
PIKE-A
PIKE-A
PIKE-A
PIKE-A
PIKE-A
PIKE-A
PIKE-A

"PIKE-A

PIKE-A
PIKE-A
PIKE-A
PIKE-A
PIKE- A

REEF-A
REEF~-A
REEF-A
REEF-4

REEF-A

REEF-A
REEF-A
REEF-4A
REEF-A
REEF-A
REEF-A
REEF-A
REEF-A
REEF-A
REEF-A
REEF-A
RLEF-A
REEF-A
REEF-4
REEF-A
REEF-A
REEF-A

1111
1168
1283
1366

15
61
238
154
238

269

300
346

407

440
475
539
581

614

702
855
960

1141

1172
1198
1300
1346
1389

81
109
193
223
253
342
378
480
512
582
632
644
728
758
831
863
899
933
955
1116
1142

149
13
16
14

30
20
16
64
15
15
30
45
10
14
15
17
10
15
137
35
165
10
16
67

30

25

45

61
12
35
14
15
73
25
45
16
10
14
12
64
14
40
16
20
15
13
145
10
20

13
20
20

15
15
12

20
15
15
15
15
20
20
19
15
15

15
10
15
20

20
15
15




471 9445 RELF-A 1178 30

37 1256 HEFE- A 1234 17
66 K775 REFF A 1264 20
493 2567 REED-A 13¢0 . 15
318 3026 RELF-A 11331 15

00 4774 REFF-A , 1370 : 14
888 DOWN KELF-A KT 46

Unseheduled .S'u,n/.‘uﬂx
The following supports could tot be schieduled,

Loe Altitude Satellite Supports

Medimm/High Altitude Satellite Supports
037
037
36
370 , I e
6391
3655
5034
620

7301

¢9

16
20
16
15
16
20
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Appendiz D, Schedule for Scecond D ta Sct
Overvic
This appendix contains the following iuformation.
e Schedule of Satellite supports and RTS downtite requirements

o List of unscheduled satellite supports

Sehedule for data set 2

Note: The day was divided into one minate increments. The Strt- Tme and
Req Len columns are represented in minutes. For example. the start time of 1410 is

equivelent to 2330. The request length of 90 is equivalent to one hour thirty minntes.

Sup IRON - RTS Srt Tme Req Len Turn Tme
307 1920 P0GO-A 21 15 15
480 7506 POGO-A 52 15 15
888 DOWN POGD-A 190 115 0
131 9757 POGO-A 325 16 20
412 7225 POGO-A 357 7
413 7225 POGO-A 443 : 15 i5

20 1056 PGGO-A 521 1€ 15
306 470 PCGO-A 553 45 15
22 1058 PUGO-A 623 16 20
448 8639 POGO-A 655 48 15
379 6012 POGO-A 710 13 15
88 4774 POGO-A 787 14 18
26 1056 POGO-A 827 16 20
890 4774 POGG-A 834 14 15
29 1056 POGO-A 929 16 g
858 DOWN POGO-A 945 168 )
147 9757 POGO-A 1133 12 15
381 6012 POGO-A 1161 25 15
444 7837 POGO-A 1206 35 1f
473 9783 POGO-A 1295 15 15
888 DGWN POGO-A 1310 90 0

64 1748 POGO-A 1420 15 20

D1




41
886
326
407

17
102

450
52
838
86
422
419
‘144
33
888
36
151
460

888
363
507
426
116
838

410
69

59

60
888
61
109
62

888
117

73

64
74

65
75
10
66

47?)

1132
DOWN
3310
6728
1056
6553
8896
1743
DOWN
4774
7304
7304
9757
1056
DOWY
1056
9757
9434

DGWN
5681
1920
7310
6790
DOWN

286
7225
3187

286
2532

286
2532
DOwN
2532
6553
2532

286
DOWN
6790

2886
3187

286
2532
3187

288
2532
3187

286
25632

6394

POGC-B
POGO-B
PGGO-B
POGO-B
POGU-B
PGGO-B
POGD-B

. POGO-B

POGO-B
POGO-B
POGD-B
POGO--B
POGO-B

‘POGO-B

POGO-B
P0OGO-B
POGO-B
PGGO-B

POGO-C
POGO-C
PaGO-C
POGO-C
POGO-C
POGO-C
POGO-C

~ POGN-C

POGO-C
POGO-C
POGO-C
POGO--C
POGD-C
POGD-C
POGO-C
POGO-C
POGO-C
POGO-C
P0OGO-C
POGO-C
POGO-C
POGO-C
POGO-C
POGD-C
POGO-C
POGO-C
PQOGO-C
POGO-C
P3GO-C
POGO-C

HULA-A

223
45
15
16
15
40

1156
15
205
15
12
15
70
14
156
30

100
15
15
20
16

116
14
10
17
16
12
16

14

66
15
10
16
16
27
12
17
12
16
16
14
16
16
16
16
16

15
15
15
20

16
16
15
15
15
12

12
14

15




12
838

484
486
433
406
133
313
464
403
408
. 24
8388
374
451
434
145

46
423
376
424
888

469
314
472
397
130
888

57
465

58
121
443
888
107

71

76

72
405
401
506
888
390
404
3908
383

888
129

1056
DOWN

286
8639
6142
7314

6453

9787

2272.
9443

6453
6738
1056
DOWN
5953
8896
7314
9757
1132
7304
5953
7304
DOWN

9445
2272
9521
6394
9757
DOWN
2532
9443
2532
7050
7837
DOWN
6553
3187
3726
3187
6453
6451
1864
DOWN
6374
6153
6294
6012

DOWN
9757

HULA-A
HULA-A
HULA-A
HULA-A
HULA-A
HULA-A
HULA-A
HULA-A
AULA-A
HULA-A
HULA-A
HULA-A
HULA-A
HULA-A
HULA-A
HULA-A
RULA-A
HULA-A
AULA-A
RULA-A
HULA-A
HULA-A
HULA-A

HULA-B

HULA-B
HULA-B
HULA-B
RULA-B

HULA-3

HULA-B
HULA-B
HULA-B
HULA-B
HULA-B
HULA-B
HULA-B
HULA-B
RULA-B
HULA-B
HULA-B
HULA-B
HULA-B
HULA-B
HULA-B
RULA-B
HULA-B
HULA-B

COOK-A
COOK-4A

40
54
225
257
268
320

' 366

408
439
500

530

576
706
733
920
957
1003
1050
1101
1217
1243
1279
1376

16
120
161
250
307
320
383
430
482
570
599
640
747

907

947
1005

. 1060

1106
1160
1171

1267

1340
1366
1397

71
209

14

151

16
15
156
30
15
15
45
10
30
45

16

161
20
30
15
17
15
10

20 .

15
64

10
15
15
30
15
43
15
30
15
13
35
90

13
10
17
30

30

10
80
15
10
10
35

118

17

20

15

15
15

20
20
15
15

15

.15

15
15
15
15

20
15
20
20
15

15
2V
20
20
15
15
20

15
15
15
15

20




483
42
51

446
19

394

428

437

888

142

330

888

384
455
319

50
364
402
386
409
442
888
317

396

429
4f
329

456

373
440
452

37
498
496

39
1156
888

77
347
340
888
449

97
470
418
471

21
416
457

7304
1132
1748
8275
1056
6392
7310
7506
DOwWN
9757
3726
DOWN

6071
9364
3028
1748
6681
6451
6142
7228
7641
DOWN
2667
6392
7310
1132
3726
9364
5953
75086
8896
1056
9794
7304
1056
6553
DOWN

4774
4845
4035
DOWN
8701
6821
9446
7304
9446
1056
7304
9365

COOK-A

* COOK-~A

COOK-A

-COCK-A

COOK-A
COOK-4A
COOK-A
COOK-A
COOK-A
COOK-A
COOK-A
COCK-A

COOK-B
CUOK-B
COOK-B
COOK-B
COOK-B
COOK-B
COOK-B
COOK-B
COOK-B
COOK-B
COOK-B
COOK-B
COOK-B
COOK-B
COOK-B
COOK-B

. COCK-B

COOK-B
COOK-B
COOK-B

COOK-B.

COOK-B
COOK-B

- COOK-B~

CONK-B

INDI-A
INDI-A
INDI-A
INDI-A
INDI-A
INDI-A
INDI-A
INDI-A
INDI-A
INDI-A
INDI-A
INDI-A

242
282
324
367
509
539
745
7714
858
946
973
1220

16

61
154
239
274
330
376
411
500
626

817

850

896
1002
1040
1110
1140
1176
1202
1244
1276
1307
1346

1364

13756

27

54

97
154
332
417
440
497
520
650
682
610

D-4

15
16
17
10
14
190
10

15

68
16

. 240

220

30
16
45
15
30
30
1E
10

42

175
16
30
20
10
40
15
20
10

.25
16
15
15

‘13

11

65

14
30
30
162
49
12
30
10
10
16
10
67

156
20
20
16
20
15
15
15

20

10

15
15
15
20
16
15
16
15
15

16
18
15
20
20
16
15
15
16
16
16
15

18 '

15
12
12

15

.20

10
15
10
20
15
15

v




106
888
108
155
335
387
393

143

306

63
392
493
339
494

38
338

95
439

309
302
391
488
888
395
462
436
344
© 458
82
83
138
88
139
353
399
342
453
888
430
888

126
96
49
56
11
43
15

888
16

€553
DOwN
6553
9845
4035
6280
6391

9757

1864
2832
6391
3726
4035
7506
1056
4035
4774
7506

2124

712
6391
3310
DOWN
6392
9441
7506
4524
9366
4774
4774
9757
DOWK
9757
5037
6451
4524
6896
DOWN
7310
DOWN

9757
5821
1748
2532
2124
4524
1056
DOWN
1086

INDI-A
INDI-A
INDI-A
INDI-A
INDI-A
INDI-A
INDI-A
INDI-A
INDI-A
INDI-A
INDI-A
INDI-A
INDI-A
INDI-A
INDI-A
INDI-A
INDI-A
INDI-A

BOSS-A
BOSS-A
BOSS-A
BOSS-A
BOSS-A
BOSS-A
BOSS-A
BOSS-A
BOSS-A
BOSS-A
BUSS-A
BOSS-A
BOSS-A
BOSS-A
BOSS-A
BCSS~A
BOSS-A
BOSS-A
BOSS-A
BOSS-A
BOSS-A
BOSS-A

~ BOSS-B

BOSS-B
BOS5-B
BOSS-B
BOSS-B
BOSS-B
BOSS-B
BOSS-8B
BOSS-B

687
700
784
825
854
869
950

1007

1040

1078

1110

1156

1219
1245

1302
1332
1402
1429

10
46
72
98
120
236
340
381
410
460
505
602
641

655

742

774
1090
1120
1166
1210
1355
1367

10

87
141
189
210
250
310
324
410

D-!

13
60
12
16
10

.10

30

.12

10
15
30
50
10
15
17
30
11
10

20
15
10
15
100
80
25
10
30
15
13
14
15
67
16
300
15
30
40
93
10
73

16
13
17
10
20
15
14
€6
16

20

20
20
12

10
15
20
20
10
15
12
15
20
12
20
186

10

15
16
16

16
15
15
15
16

‘20
- 15
.20

20
15
15
15
15

15

15
20
20
14
10
16
20

20




101

68
318
417

70
389
447
421

30
356

32
888
400
113
454
357
385
153

11
8538
336
351
3K8
341
388
320
310
316
459
334
349
122
378
124

110

‘888
111
463
414
148
888

583
47
40

888
354
k11

78
100

6553
3187
2941
7304
3187
6280

8275

7304

1056

5037
1056
DOWN
6451
6553
9363
5037
6071
0757

1056
DOWN
4035
4955
5037
4373
6280
3055
2124
2567
9366
4035
4845
7080
6012
7050
6553
DOWN
6553
9442
7225
97587
DOWN
1748
1132
1056

DOWN
5037
5037
4774
6553

452
507
535
572
604
626
€80
726
940
1000
1040
1056
1127
1165
1200
1350
1376
1422

11
24
203
229
350
376
400
490
631
573
624
652
700
737
765
836
868
880
965
996
1158
1223
1239
1314
1369
1422

136

162
209
257

D-6

14
12
15
15
17
30
30
195
11

20 -

16
556
10
12
10
19
10
16

13
166
10
51
10
15
74
30
20
35
15
10
30
12
35

15

12

' 60

15
63
10
16
55
16
15
11

120
10
10
13
14

20

15
15
156
15

15
15
15
15
20

186
20
15
15

- 18

20
15

12
15
15
15

15
10
16
15
12
12

16
20

15

15
15
15
13

20
20
17

15
15
20
20




79
132
348

81
134
888
136
504
333
23
420
98
25
361
312
27
89
888
91
346

. 345
112
146

. 415

445

55
365
366

13
888

14
370
479

80
482
135
481
137

43
508
123
888

28
492
332

31
331
369
304
118

4774
9757
4845
4774
9757
DOWN
9757

470
4035
1056
7304
5821
1056
5329
2124
1056
4774
DOWN
4774
4832
4832
6553
9757
7225
827E

2532
5775
8775
1056
DOwWN
1056
E775
3726
4774
7225
9787
7225
9757
1132

470
7080
DowN
1056
7310
3726
1056
3726
775

470
6790

LION-B
LION-B
LION-B
LION-B
LION-B
LION-B
LION-B
LION-B
LION-B
LION-B
LION-B
LION-B
L10K-B
LION-B
LION-B
LION-B
LIOK-B
LION-B

LION-B

LION-B
LION-B
LION-B
LION-B
LION-B
LION-B

GUAM-A
GUAM-A
GUAM-A
GUAN-A
GUAM-4A
GUAM-A
GUAN-A
GUAM-A
GUAM-A
GUAM-A
GUAN-A
GUAM-A
GUAM-A
GUAM-A
GUAM-A
GUAM-A
GUAM-A
GUAM-A
GUAM-A
GUAM-A
GUAM-A
GUAM-A
GUAM-A
GUAM-A
GUAM-A

306
336
370
404
437
453
540
- B67
600
635
662
693
735
762
800
837
e75
888
971
995
1015
1763
1122
1158
1424

20
49

143
156
243
275
311
373
403

- 507

o

537
607
669
700
766
202
305
27
960
1007
1032
1220
1256

1300

14
15
10
10
16
67
11
15
10
11
10
13
16
20
20
15
13
63
14
10
10
12
15
250

15

13
20
20

137

67
16
20
45
14
70

14

15
16
15
45
15
93
16
10
32
14
165

20

15

13

15
15

12

14
15

15
15
12
16
15
20
15
10
10
15
15

18

20
20
16
185

20
15
15
20

20
185
16
15
16

SR

15
15
20
15
20

20
15
10
15
10
15
15
20




888

375
477
888
328
467
327
888
495
431
149
888
152
500
497

461
888
127
120
411
103

84
105
888

87
308
141
325
303
888

24
301
125

93

94
499

322
323
367
128
435
468
324
487
427

18
888
104

DOWN

5953
3726
COWN
3726
9444
3726
DOWN
7225
7310
9757
DOWN
9787
3028
2524

9434
DOWN
9757
7050
7225
€553
4774
6553
DOWN
4774
2124
9757
3310

712
DOWN
1056

712
7050
4774
4774
1920

3160
3160
5775
97587
7506
9445
3160
3055
7310
1056
DOWN
6553

GUAM-A

GUAM-B
GUANM-B
GUAM-B
GUAM-B
GUAM-B
GUAM-B
GUAM-B
GUAM-B
GUAM-B
GUAM-B
GUAM-B
GUAM-B
GUAM-B
GUAM-B

PIKE-A
PIKE-A
PIKE-A
PIKE-A
PIKE-A
PIKE-A
PIKE-A
PIKE-A
PIKE-A
PIKE-A
PIKE-A
PIKE-A
PIKE-A
PIKE-A
PIKE-A
PIKE-A
PIKE-A
PIKE-A
PIKE-A
PIKE-A
PIKE-A

REEF-A
REEF-A
REEF-A
REEF-A
REEF-A
REEF-A
REEF-A
REEF-A
REEF-A
REEF-A
REEF-A

CREET=-A

1322

15
51
316
418
684
720
920
1096
1136
1254
1270
1357
1386
1417

i5

30
110
167
198
550
605
646
659
701
727
844
876
907

1000

1142
1173
1225
1266
1360
1391

15

b1

87
151
183
260
306
342
423
451
469
591

D-8

118

20
240
91

250

25
190

160

15
10
16
67
13
15
16

10
60
16
15
250
12
12

14

29
15
20
16
15
30

111
15
30
15
10
15
45

20
20
20
1€
35
30
20
15
10
14
88
11

15
15

10
15
10

15
15
20

20
i5
16

15

20
20
15
20
15
18

15
10

15

15
15

12
15
20
20
15
15

15
15
15
20
15
15
15
15
15

15

16




360
350
359
140

44
362
888
368
315

35
474
114
888

4774

5329

4845
5329
9757
1132
5329
DOWN
5775
2524
1056
9794
6553
DOWN

REEF-2 661
REEF-A 687
REEF-A 720
REEF-A 761
REEF-A 803
REEF-A 859
REEF-A 883
_REEF-A 975
REEF-A 1058
REEF-A 1094
REEF-4 1201
REEF-A 1233
REEF-A 1322

REEF-A 1396

Unscheduled Supports

5821

3187

15
20
30
20
15
13

" 90

67
20

16

20
12
44

15
10
12
10
20
19
10

15
15
20
15
15

The following supports could not be scheduled.

9757(3)

6790

- Low Altitude Satellite Supports

Medium/High Altitude Satellite Supports

NI .

6012

6012
7304
5775
7506
6012
5037

3726

D-9




1035
914
6012
8639
3055
6012
6012
2124
2124
2124
8639
372

8775

D

D-10




Appendir E. Schedule for Third Data Sct

Ovcrvicw

This appendix contains the foliowing infornmation.

o Schednle of Satellite cupport< and RS dosaire tequinements

o List of un~cheduled ~utetlite <o

S('}N({Illi "ur' l,;l:!li et

Note: 1he ey s divided no e e et Fhe St Line and
Reqg Len colummns @e reprovred o ooy b enarnple the <tart time of HHUO s

equivelent to 2330 The request fenachoos 0w e ent of aree hoar thirty minutes,

Sup IRUK RTS Srt Tme Reg Len Turn Tme
888 DOWN POGO-A 0 88 0
101 6553 P3GO-A 102 14 15
79 4774 POGO-A 225 11 12
307 1920 POGO-A . 263 10 15
313 2272 POGO-A ‘ 290 15 15
81 4774 POGO-A 324 12 15
317 2041 POGO-A 352 15 15
20 1056 POGO-A . 399 16 20 _
- 437 7310 -~ - POGO-A - - - 426 : 20 10 - - e ' -
493 9794 POGO-A 462 15 15
23 1056 POGD-A 500 16 20
888 DOWN " POGO-A 516 52 0
107 6553 POGO-A 588 14 15
426 7304 POGO-A . 18 15 15
142 9757 POGO-A 719 16 20
90 4774 POGO-A 812 14 20
91 4774 " POGA-A 908 14 15
420 7225 POGO-A 038 15 15
478 9434 POGO-A 990 15 15
115 6553 POGO-A 106 13 20
152 9757 POGO-A 1119 13 15
888 DOWN POGO-A 1143 59 S0
465 1748 POGD-A 1222 12 17
513 470 POGO-A 1250 16 15
F-1
\ .o, ) 1.
) - - ¥ 4 E
; - N




116
157
302

48

© 130

888
133
18
98
83
468
138
430
461
86
54
490
111
122
113
149
888
93
45
154
34
99
888

49
62
888

63

495

64

€6
84
67
53
120
467

121

6553
9757

712
1743

9757
DOWN
9757
1056
5821
4774
8896
9757
7304
8639
4774
2532
9521
6553
679¢C
6563
9757
DOWN
4774
1748
9757
1056
5821
DOWN

2832
3187
DOWN
3187

286
7310
3187

286
3187
4774
3187
2532
6790
8896
2532
6790
3187
2532
DOwx

286

286

POGO-A
POGO-A
POGO-A
POGG-A

FOGO-B
POGO-B
POGO-B
POGO-B
PQGO-B
POGO-B
POGO-B
POGO-B

. POGO-B

POGO-B
POGO-B
POGO-B
POGO-B
POGO-B
POGS-B
PCGO-B
POGO-B
POGO-B
POGO-B
POGO-B
POGO-B
POGO-B
POGO-B
POGO-B

POGO-C
POGO-C
POGD-C
POGO-C
P0OGO-C
POGO-C
POGO-C
POGO-C
POGO-C
POGO-C
POGO-C
POGO-C
POGO-C
POGO-C
POGO-C
P0OGO-C
POGO-C
POGD-C
POGO-C
POGO-C
POGD-C

1232
1317
1354
1413

107
124
210
298
382
422
452
517
549
580
617
682
712
888
924
988
1020
1038
1101
1126
1218
1312
1353
1370

70

153
170
254
298
326
354
401
454
620
555
581
620
652
782
822
863
882
898
1007
1107

14

16
15

14

17
71
16
16

14
40
16
15

15

15

- 14

90
11
14
11
13
46
15
11
14
13
14
70

16
17

16
12
10
16
13
17
14
17
12
16
25
15
15
13
16
90
16
17

15
15
20
20




‘;f’

11
123

12
888
60
13

318
486
450

505

39
888
508
407
418
325
412
445
452
483

71
441

72
888
414
469

~ 416

434
392

470

8es

134
51
52

888
92
70

150
58

512
35
37

100
888

286
6790
2532

286
DOWN
2532

286

3028
9445
7506

286
6142
1132
DOWN
6012
6394
6738
3310
6453
7314
7506
9443
3187
7310
3187
DOV
6453
8896
6453
7304
6012

9363
DOWN

286
9757
2532
2532
DOWN
4774
3187
9757
2532
7304
1056
1056

6553
DOWKR

P0OGO-C
POGO-C
POGGO-C

" POGOD-C

POGO-C
P0GO-C
POGO-C

HULA-A
HULA-A
HULA-A
HULA-A
HULA-A
HULA-A

HULA-A

HULA-A
HULA-A
HULA-A
HULA-A
HULA-A
HULA-A
HULA-A
HULA-A
HULA-A
HULA-A
HULA-A
HULA-A
HULA-A

" . HULA-A

HULA-A
HULA-A

" RULA-A

HULA-B
HULA-B
HULA-B
HULA-B
HULA-B
HULA-B
HULA-B
HULA-B
HULA-B
HULA-B
HULA-B
HULA-B
HULA-B
HULA-B

COQK-A
COOK-A

1208.

1234
1279
1310
1326
1379

1413

34
95
248
275
306
408
423
523
560
644
675
745
770
848
879
948
979
1048
1063
1140

. 1186

1247
1293
1389

50
64
174
293
359
457
725
927
948
1037
1200
1262
1328
1425

17
32

=

17
12
16
16
38
16
15

45
30
10
16
15
15
84
15
30
15
45
10
30

15

45
15
25
15
61
30

- 45

30
15
35

10
90
16
16
14
16
180
14
15
16
15
19
14
15

15
150

15

15
15

15

15
15
15
15
16
20

15
16
15
15
16
15
15
16"
20
15

16
15
15
16
i5

15
20
20
20
20
20

20

20

15
20
20

15




481
413
394
315
888
395
383
428
145
888

57
328
331
382

77
380
479
443
312

43
503
480

44
888
457
491
446
404
147
888
327
466

32
301
119
471

333

78
888
131
347
326
399
360
400

9442
6453
6071
2567
DOWN
6071
5953
7304
9757
DOWN

286
2532
3726
3726
5953

4774
6953
9434
7314
2272
1748
7304
9441
1748
DOWN
7641
9783
7314
6392
9787
DOWN
3726
8896
1056

470
6553
9363

4035
4774
DOWN
o787
4845
3726
6280
5329
6280

COOK-A
COOK-A
COOK-A
COOK-A
COOK~-A

_COOK-A

COOK-A
COOK-A
COOK-A
COOK-A
COOK-A
COOK-A
COOK-A
COOK-A
COOK-A

COOK-B
COOK-B
CCOK-B
COOK-B
CO0K-B
COOK-B
COOK-B
COOK-B
COOK-B
COCK-B
COOK-B
COOK-B
COOK-B
COCK-B
COOK-B
COOK-B
COOK~B
COOK-B
COCK-B
COCK-B
COOK-B
COO0K-B

INDI-A
INDI-A
INDI-A
INDI-A
INDI-A
INDI-A
INDI-A
INDI-A
INDI-A

390
430
476
557
577
663
697
733
832
847
921
996
1031
1237
1418

11
41
77
123
188
327
359
390
427
437
520
662
770
816
933
948
1031
1097
1223
1255
1392
1422

10
52
66
138
168
228
494
540
640

10
30
20
15
70
16
20
10
15
54
12
14
196
165
20

14
20
30
15
46
16
16
10
10
62
57
91
30
30
16
61
50
40
16
45
14
10

10
14
52
14
30
250
30
20
30

15

15
15
15

15
15
15
20

20

15
10
10
15

20
16
16
15
15
20
15
15
20

15
15
15
15
20

10
16
15
15
15
15

10
20

20
15
20
15
15
15




Ko

"“. s
P

o T
Pt A

X

888
431
453
433
888

33
370
322
488

398
352
393
359

17
888

19
303
105

85
106
141
888

27
330
463
888
127
308

888

42
386
461
409
419
342

65
344

501

408
314
340
310
343
442
888

29
304

DOWN
7304
7506
7304
DOWN
1056
5681
3160
9446

6280
4955
6071
5037
1056
DOWN
1056

712
6553
4774
3553
9757
DOWN
106€
3726
8275
DOWN
7050
2124

DOVN
1748
6012
8275
6451
7225
4373
3187
4524

286
7508

286
6451
2524
4035
2124
4524
7310
DOWN
1056

712

INDI-A
INDI-A
INDI-A
INDI-A
INDI-A
INDI-A
INDI-A
INDI-A
INDI-A

BOSS-A
BOSS-A
BOSS-A
BOSS-A
BOSS-A
BOSS-A
BOSS-A
BOSS-A
BOSS-A
BOSS-A
BOSS-A
BOSS-A
BOSS-A
BOSS-A
BOSsS-A
BOSs-A
BOSS-A
BOSS-A
BOSs-A

BOSS-B
BOSs-B
BOSsS-B
BOSs-B
BOSS-B
BOSs-B
BOSs-B
BOSs-B
BOSs-B
BOSs-B
BOSS-B
BOSsS-B
BOSS-B
BOSs-B
BOSS-B
BOSS-B
BOSs-B
BOSsS-B
BOSs-B
BOSS-B
BOSs-B

701
805

1026
1052
1151
1282
1314
1375
1411

30

71
190
220
290
304
389
430
481
529
580
628
650
920
960

1216
12092
1388
1233

135
166
270
300
361
387
455
469
514
542
613
700
731
760
780
811
865
917

1019
1057

E-5

88

205
10

95

111
16

45
20
25

20
10
10
20
14
65
17
30
14
15
11
15

140

11

240

30
59
14
20

115

16
86
15
30
10
45

30
12
15
17
15
15
10
20
15
20
83
17
30

15
15
15

15

15
15
15

15
20
i5
15
20

20
20

20

15
20
20

20
10
15 -

20
10

20
15

‘15

15
186
15
20
10
186
15
15
15
16
10
10
10
15

20
20







440

366

26

888

484

33

114
143
151
391
183
387
460

98

-336

36
405

482
379
888

16
500

164

321

82
502
606
137
140
4€5
377
888
509
329
401

26
b1l
332
319
425
520
18E
160
487
158
385
372

371
306

Rt ot » RPN oty v BT

7310
5§329
1056
DOWN
9444
4035
6553

9757

9757
6012

9757

6012
7837
6821
4035
1056
6392

9443
5775
DOWN
1056
3726
6553
3160
4774
7225
2567
9757
9757
8701
5775
DOWN
7310
3726
6374
1056
7225
3726
3028
7225
6012
9757
9845
9445
9757
5953
5775

6775
1864

LION-B
LION-B
LION-B

LION-B

LION-B
LTOK-B
LION-B
LION-B

- LION-B

LION-B
LION-B
LIOXN-B
LION-B
LION-B
LIOK-B
LION-B
LION-B

GUAM-A
GUAM-A
GUAM-A
GUAN-A
GUAM-A
GUAM-A
GUAM-A

© GUAM-A

GUAM-A
GUAM-A
GUAM-A
GUAM-A
GUAN-A
GUAN-A
GUAM-A
GUAM-A
GUAM-A
GUAM-A
GUAM-A
GUAM-A
GUAN-A
GUANM-A
GUAM-A
GUAM-A
GUANM-A
GUAM-A
GUAM-A
GUAM-A
GUAM-A
GUAM-A

GUAM-B
GUAM-B

R A T T

743
770

816

838

925

968

934
1011
1108
1140
1210
1241
1283
1346
1368
1401
1429

15
40
141
23
254
319
350
397
428
459
494
594
350
731
753
842
900
956
987
1024
1050
1102
1133
1159
1241
1284
1314
1344
1371
1417

15
60

e A

S e A

10
20
16
71
30
10
15
10
16
20
15
25
35
11
10
12
10

10
20
62
16
45
13
20
15
15
15
14
15
65
20
68
10
e
16
13
15
32
15
10
20
16
14
10
11
30
20

20
10

R R e SR 2 R 5 4 e T

10
15
20

15
10
15

20
15
15
15
16
20
10
15
15

15
15

20
15
15
15
15
15
15
15
15
15
15

15
10
15
16
186
10
18
15
15
20
20
18
20
15
15

18
20




324
384
498
888
374
521
376
378
519

94
888
436
316
406
397

358

357

129
458
396
- 888
22
439
109
40
88
429
358
410
341
462
411
888
117
305
309
96
381

494
128
888
132
124
489
126

21
448
438
888

3150
5953
3726
DOWN
6775
6012
8775
5775
6012

4774

DOWN
7304

2567

6394
6142

5037
5037
9757

7837

6142
DOWN
1086
7310
6553

1132

DOWN
7304
5037
6451
4373
8275
6451
DOWN
6553

712
2124
4774
5953

4845
9757
DOWN
9757
7050
9446
T050
1056
7484
7310
DOWN

GUAM-B
GUAM-B
GUAM-B
GUAM-B
GUANM-B
GUAN-B
GUAM-B
GUAM-B
GUAM-B
GUAM-B
GUAM-B
GUAM-B
GUAM-B
GUAM-B
GUAM-B

PIKE-A

_ PIKE-A

PIKE-A
PIKE-A
PIKE-A
PIKE-A
PIKE-A
PIKE-A
PIKE-A
PIKE-A
PIKE-A
PIKE-A
PIKE-A
PIKE-A
PIKE-A
PIKE-A
PIKE-A
PIKE-A
PIKE-A

‘PIKE-A

PIKE-A
PIKE-A
PIKE-A

REEF-A
REEF-A
REEF-A
REEF-A
REEF-A
REEF-A
REEF-A
REEF-A
REEF-A
REEF-A
REEF-A

90
177
268
565
653
689
730
766
877

1125

1140

1201
1321
1390
1416

15

41

96
147
336
371
489
563
676
732
752
863
894
920
965

1100
1146
1201
1294
1326
1360
1385
1415

15

40

51
138
246
300
348
430
461
492
517

E-8

20
78
240
72
20
25
20
95
175
16
135
10
45
10

10
10
16
35
35
98
16
15
13
16
95
15
10
30
15
.30
10
77
11
20
20
14
20

11
120
16
14
25
12
15
20
10
87

15
15
15

15
15
i5
15
15
15

‘15

15
15
15

15
15
16
16
15

15
10
20
20

16
15
16
16
15
15

20
20
10

16

15
20

18
16
15
20
16
16
10



108
. 369
87
110
143
364
146
492
362
367
455
375
31
323
447
118
350
97

6553
5329
4774
6553
9757
8329
9757
9794

5329

5329
7506
775
1056
3160
7484
6533
4845
4774

REEF-A
REEF-A
REEF-A
REEF-A
REEF-A
REEF-A
REEF-A
REEF-A
REEF-~A
REEF-A
REEF-~A
REEF-A
REEF-A
REEF-A
REEF-A
REEF-A
REEF-A
REEF-A

619
649
686
717
789
852
891
936
980
1041

. 1112

1138
1181
1230
1266
1360
1390
1425

14
20
14
11
16
20
14
25
45
65
10 -
20
16
20
47
15
10
14

15
15
15
15
20
15
15
15
18
15
1"
15
20
15
15
15
15
20

Unscheduled Supports
The following supports could not be schednled.

Low Altitude Satellite Supports
2532

3187(2)

9757(2)

4774

Medium/High Altitude Satellite Supports

6012
1920
7225
7506
2124
5037
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Appendiz F. Schedule for Fourth Data Set
Overview
This appendix contains the following information.
e Schedule of Satellite supports and RTS downtime requirements

o List of unscheduled satellite supports

Schedule for data set 4

Note: The day was divided into one minute increments. The Strt Tme and
Req Len columns are fepresented in minutes. For example, the start time of 1410 is

equivelent to 2330. The request length of 90 is equivaient to one hour thirty minutes.

Sup IRON . RTS STrt Tme Req Len TAT
503 7304 ~ POGO-A 15 15 . 15
12 1056 POGO-A 61 12 20
97 6553 POGO-A 135 12 - 15
99 6553 POGO-A 232 14 20
129 9757 POGO-A 268 15 20
19 1056 POGO-A 358 17 20
888 DOWN POGO-A 385 20 0
102 6553 POGC-A 426 15 20
24 1056 POGO-A 561 17 15
427 7304 POGO-A 594 10 . 15
25 1056 POGD-A 664 16 15
420 7225 POGO-A 696 15 15
92 5821 POGO-A 731 13 20
27 1056 FOGO-A _ 766 16 20
107 6553 POGG-A 823 11 15
116 6790 POGO-A 866 15 20
888 DOWN POGO-A 881 76 0
142 9757 POGO-A 977 13 20
478 9434 POGO-A 1006 15 15
8t 4774 POGO-A 1041 14 15
145 9757 POGO-A 1077 12 20
34 1056 POGO-A 1172 15 20
888 DOWN POGO-A 1187 67 0
149 9757 POGD-A 1274 15 © 20

302 712 POGO-A 1320 15 20




44
94

495
39
888
74
307
59

76
21
43
320
78
314
104
492
388
81
64
888
390
513
460
517
70

45
479
3286
114
317
419

481
62

133
49
115
50
51
65
52
453

888

391
68

1748
5821

7310
1132
DOWN
4774
1920

3187

286
4774
1056
1748
3055
4774
2524
6553
9794
6012
4774
3187
DOWN
6012

470
7837
9783
3187

2532
9434
3310
6790
2941
7225

286
9442
3187

286
9757
2532
6790
2532
2532
3187
2532
7506

286
DOWN

286
6012
3187

POGO-A 1369
POGO-A 1407
POGO-B 15
POGO-B 65
POGD-B 76
POGO-B ' 163
POGO-B . 213
POGO-B 283
POGO-B 324
POGO-B 361
POGO-B 459
POGO-B 498
POGO-B 519
POGO-B 556
POGO-B 587
POGD-B 623
POGO-B 652
POGO-B 697
POGO-B . 751
POGO-B 789
POGO-B . 810
POGO-B . 1016
POGO-B 1213
POGO-B 1295
POGO-B 1346
POGO-B 1406
POGO-C 33
POGO-C 70
POGO-C 116
POGO-C 264
POGO-C 310
POGO-C 341
POGO-C 427
POGO-C 457
POGO-C . 483
POGO-C 528
POGO-C 574
POGO-C 645
POGO-C 664
POGO-C 745
POGO-C 846
POGO-C 894
POGO-C 94§
POGO-C 1003
POGO-C 1032
POGC-C 1049
POGU-C 1133
POGO-C 1166
POGO~C 1203

F-2

13
13

10
11
69
10
10
16
12
12
17

16
15
15
13

25

36
14

15

190
110
15
35

15

17

15
30
45
17
16
10
14
10
17
16
17
12
16
14
16
12
16
10
17
61
17
20
14

20

20

15
20

15
15

20
20
20
20
15
20
15
20
15
15
16
16

15
15
15
15
16

10
15
16
20
15
15

16
186
15
20
15

10
15
15
15
15
15

15
15
15



55
434
€9
56
888

507
888
319

90
312

91
888
408
383
445
446
888
143
183

67
411
416
5i2
471
124
520

2532
7304
3187
2532
DOWN

6012
DOWN
3028
5821
2272
5821
DOWN
6451
5953
7314
7314
DOWN
9787
9845
3187
6451
6453
7304
9363
7050
6012

DOWN
4774
286
6453
75086
3028
6142
6012
2532
DOWN
2532
2567
8896
6374
65b3
4774
6553
3726
3187
7310
1748
DOWN
7050

POGO-C
POGO-C
POGO-C
P0OGO-C
POGO-C

RULA-A
HULA-A

© HULA-A

HULA-A
HULA-A
RULA-A
HULA-A
HULA-A
HULA-A
HULA-A
RULA-A
RULA-A
HULA-A
RULA-A
RULA-A
RULA-A
HULA-A
HULA-A
HULA-A
HULA-A
HULA-A

HULA-B
HULA-B
HULA-B
HULA-B
HULA-B
HULA-B
HULA-B
HULA-B
HULA-B
HULA-B
HULA-B
HULA-B
HULA-B
HULA-B
HULA-B
HULA-B
HULA-B
BULA-B
HULA-B
HULA-B
HULA-B
HULA-B
HULA-B

1242
1274
1305
1341

1363

18
200
315
419
446
515
527
700
731
770
816
901
994

1032
1079
1107
1215
1261
1287
1377
1406

142
199
232
263
289
350
381
419
425
522
589
650
769
804
866
902
941
976
1009
1067
1085
1278

16
15
15
16
7

180
929
15
11
45
11

112
15
20
30
30
73
15
15
12
10
30
10
10
13
20

100
16
17
15
10
45
15
16
17
77

11
45
40
15
14
14
13
10
17
25
16

114
15

F-3

15
14
15

15

18
20
18
20

15
15

15
15

19
20

20

15
15
15
15
17
15

20
20
15
15
15
18
15
20

20
15
15
18
20
15
20
20
20
15
20

20




464
381
392

380

96
888
119
313

40
396

20
394
457
395

- 414

888
152
140
410
888

b4
327
455
487

37
385
454

72
412
458
384
461
409
439
504
888
472
888
433
331
888
468
521
113

956
888
324
497

8639
5953
6012

5953
6553
DOWN
7050
2272
1132
6142
1056
6071
7641
6071
6453
DOWN
9845
9757
6451
DOWN
2532
372°
7506
9445
1056
5953
7506

4774
6453
7837
5953
8278
6451
7310
7304
DOWN
9364
DOWN
7304
3726
powx
8896
€012
6553

6553
DOWN
3160
3726

HULA-B
HULA-B
HULA-B

. COOK-A

COOK-A
COOK-A
COOK-A
COOK-A
COOK~A
COOK-A
COOK-A
COOK-A
COOK-A
COCK-A
COOK-A
COOK-A
COOK-A
COOK-A

.COOK-A

COOK-A
COOK-A
COOK-4A
COCK-4A
COCK-A
COOK-A
COOK-A
COOK-A

CNOK-B
COOK-B
COOK-B
COOK-B
COO0K-B
COOK-B
COOK-B
CODK-B
COOK-B
COOK-B
COOK-B
COOK-B
COOK-B
COOK-B
CO0K -B
COOK~-y
COOK-B

INDI-A
INDI-A
INDI-A

INDI-A

1306
1342
1389

15

52
131
227
257
349
379
452
477
520
600
© 630
728
834
829
921
965
1058
1104
1170
1196
1284
1320
1366

48
90
116
170
270
300
342
373
454
600
734
839
960
1126
1255
1311
1426

11
26
162
198

Fod

15

20
35

20
13
76
14
15
14
35

20
57
15
30
74
16
16
30
60
15
50
10

16
30
10

13

10
35
75

15

30
15
15
118
72
89
95
165
113
40
25
14

15
120
20
55

15

10

15
15
15

15
15

20
15
20
15
20
15
15
15
15

20

20

.30

10
15
15

15 .

15
15

20
15
15
15
16
15

10 -

1§

15

15

10

15
15
20

16

15
15




338
376
348
as1
399

22
345
431
377
343
888
141

42
378
888
488
322
516

38
112

405

- 386

470
501

16
888

18
480
101
438

77
353
134

41
888
340
404
370
335
328
469
387
888
474

306
125
888

46
393

4035
5775
4845
4955
6280
1056
4524
7304
5775
4524
DOWN
9757
1132
5775
DOWN

9446 .

3160
5681
1056
6653
6392

6012
9363
7506
1056
DOWN

1056

9441
6553
7310
4774
4955
9757
1132
DOWN
4035
6392
5681
4035
3726
8896
6012
DOWN
9366

1864
9767
DOWN
25632
6071

INDI-A
INDI-A
INDI-A
INDI-A

" INDI-A

INDI-A

INDI-A

INDI-A
INDI-A
INDI-A
INDI-A
INDI-A
INDI-A

-INDI-A

INDI-A

INDI-A

INDI-A
INDI-A
INDI-A
INDI-A
INDI-A

BOSS-A
BOSS-A
BOSS-A
BOSS-A
BOSS-A
BOSS-A
BOSS-A
BOSS-A
BOSS-A
BOSS-A
BOSS-A
BOSS-A
BOSS-A
BOSS-A
BOSS-A
BOSS-A
BOSS-A
BOSS~A
BOSS-A
BOSS-A
BOSS-A
BOSS-A
BOSS-A

BOSS-B
BOSs-B
BOSsS-B
BOSS-B
BOSs-B

264
290
326
390
440
491
514
£60
781
812
831
948
1026
1053
1073
1200
1241
1277
1344
1387
1415

27
129
155
252
262
349
390
419
442
469
502
584
667
694
782
810
856
912
993

1204
1265
1314
1416

20
54
70
124
190

10
20
30

4
4

30

12

30

205

20
15
97
16
11
20
83
25
20
15
13
12
10

86
- 10
15
10
67
16
10
12
10
12
10
13
15
77
10
30
45

10

195
45
25
86
15

10
16
34
18

" 10

10
156
15
20
15
20
10
15
15
10

20 .

20
15

15
15
15
20
12
15

15
15
15
15
15
15
15
10
15

.. 20

15
20

10
186
16
10
10
15
15

15
20
15

15




313 AR

397
341
423

61
888

63
315

136

' 888

452
310
31
337
477
463
510
87
888
11
151
309
57

888
361
359

347

437
339
342
422
426
888

26
428

28
429

82

29
888
442

85
144
402
147
403
148
462
363

6142
4373
7225

3187

DOWN
3187
2567

286
9757
DOWN
7506
2124
1056
4035

9366

8275
7506
4774
DOWN

286
9757
2124
2532

DOWN
5329
5037
4845
7310
4035
4373
7225
7304
DOWN
1056
7304
1056
7304
4774
1056
DOWN
7310
4774
9757
6391
9757
6391
9787
8275
5329

BOSS-B
BOSS-B
BOSS-B

BOSS-B -

B0SS-8
BOSS-B
BOSS-B
BOSS-B
BOSs-B
BOSs-B
BOSS-B
BOSS-B
BOSS-B
BOSs-B
BOSS-B
BOSS-B
BOSs-B
BOSS-B
BOSS-B
BOSS-B
BOSS-B
BOSS-B

. BOSS-B

LION-A
LION-A
LIOK-A
LION-A
LION-A
LIOR-A
LION-A
LION-A
LION-A
LION-A
LION-A
LIOK-A
LION-A
LIOK-A
LION-A
LION-A
LION-A

- LION-A

LION-A
LION-A
LION-A
LION-A
LIOK-A
LION-A
LION-A
LION-A

279
318
349
480
489
576

608

€39
685
701
817
843
979
1005
1051
1100
1146
1226
1241
1326
1366
1391
1426

116
220
256
320
350
413
474
504
524
675
708
776
808
839
878
890
985
1033
1066
1095
1165
1197
1268
1298
1344

F-6

15
15
105

82
16
15
17
16
99
15
20
15
30
10
30
15
15
70
1€
14
20
14

100
20
20

. 30

20
30
45
10
15
77
14
10

16
15
12
12
79
20
13
13
30
16
10
14
30
20

15
15
15
20

15
15
14
15

15
10
20
10
15
15
15
15

16
20
10
15

15
15
15
10
10
15
18
16

20
15
18
15
15
20

15
13
15
16
20
15
15
15
15




349
373
365

98

75
888
131
476
493
132
344
360
334
369
883
368
122
109

362

367
475
888
305
372
350
336

379
482
888

14

500
17
321
100
486
413
473
888
135
459
120
378

30
332
301
483
511
425
888
809

4845
5775
5329
6553
4774
DOWN
9757
9366
9794
9757
4524
5329
4035
5329
DOWN
5329
1050
6553
5329
§329
9366
DOWN

712
5775
4845
4035

5775
9443
DOWN
1056
3726
1056

3160 -

6553
9445
6453
9365
DOWN
9757
7837
7050
8775
1056
3726

470
9443
7225
7225
DOWN
7310

LION-B
LION-B
LION-B
LION-B
LION-B

" LION-B

LION-B
LION-B
LION-B
LION-B
LION-B
LION-B
LION-B
LION-B
LION-B
LION-B
LION-B
LION-B
LIOR-B
LION-B
LION-B
LION-B
LION-B
LION-B
LION-B

" LION-B

GUAM-A
GUAM-A
GUAM-A
GUAM-A
GUAM-A
GUAM-A

- GUAM~A -

GUAM-A
GUAN-A
GUAM-A
GUAM-A
GUAM-A
GUAN-A
GUAM-A
GUAM-A
GUAM-A
GUAM-A
GUAM-A
GUAM-A
GUAM-A
GUAM-A
GUAM-A
GUAM-A
GUAN-A

16
61
122

223
269

274

.380

412

482
507
553
584
612

- 677

839
898
931
980
1041

443 .

1200

1242
1321
1360
1396
1417

186
51
82
182
214
285
313
352
390
436
482
560
653
680
726
757
945
972
1023
1084
1145
1176
1190
1263

F-7

30
45
20
14
15

86 -

16
15
15
14
30
20
10
20
146
15
15
14
45
55
30
58
20
20
10
10

20
10
80
16
45
12

20 -

15
30
30
73
73
11
25
18
95
16
32
45
45
15
10
67
10

15
16
15
15
14

20
15
15
20
10
15
10
15

15
20
15
15
16
15

20
15
16
10

15

16

20
16
15
18
16
18
16
15

20
15
16
15
20
10
15
15
15
15

15




AR PR B A,

nrﬁgﬁfﬁﬂ

382

371
490
502
506
888
. 491
407
374
415
888
329

330

323
436
180
514
406
888

356
443
357
127
888
303
311
418

23
358
103
440

80
105
138
888
432
304

32
467
308

35
888
111
518

89

888
126
449

5953

5775
9521
7225
2567
DOWN
9783
6394
5775
6453
DOWN
3726
3726
3160
7304
9757
7304
6394
DOWN

5037
7314
5037
9757
DOWN

712
2124
6738
1056
5037
6553
7310
4774
6553
9757
DOWN
7304

712
1056
8895
2124
1056
DOwWN
6553
1920
4774

DOwWN
9757
7506

GUAM-~A

GUAM-B
GUAM-B
GUAM-B
GUAM-B
GUAM-B
GUAM-B
GUAM-B
GUAM-B
GUAM-B
GUAM-B

GUAM-B

GUAM-B
GUAM-B
GUAM-B
GUAM-B
GUAM-B
GUAM-B
GUAM-B

PIKE-A
PIKE-A
PIKE-A
PIKE-A
PIKE-A
PIKE-A
PIKE-A
PIKE-A
PIKE-A
PIKE-A
PIKE-A
PIKE-A
PIKE-A
PIKE-A
PIKE-A
PIKE-A
PIKE-A
PIKE-A
PIKE-A
PIKE-A

PIKE-A .

PIKE-A
PIKE-A
PIKE-A
PIKE-A
PIKE-A

REEF-A
REEF-A
REEF-A

1350

15
51
157
188
271
437
544
590
626
793
900
960
1216
1252
1298
1330
1360
1391

15
40
71
153
180
430
471
507
550
681
612
637
665
711
787
803
879
1030
1082
1110

1146

1182
1198
1327
1357
1422

94
126

F-8

20

20
90
15
15
150
91
30
20
115
72
40
240
20
10
16
15
10
49

10
15
10
17
150
30
20
15
15
10
14
10
14
12
16
60
130
30
12
25
20
16
72
14
45
13

920
16
49

15

15
15
18
16

15
15
15
15

10
10
15
15
20
15
15

15
15
15
13

- 20

10
15
20
18
1§
10
15
15
16

15
20
20
15
10
15

20
15
20

20
15



Unscheduled Supports

The following supports could not be scheduled.

Low Altitude Satellite Supports
1056 |
3187
9757
6790
7050
9845

Medium/High Altitude Satellite Supports
6012
7225
3726
5037
7484
6230




5037
6012
7314
7304
7484
6280
3726
4845
4955
4832
4035

F-10




Appendiz G. Schedule for Fifth Data Set

Overview

This appendix contains the following information.

o Schedule of Satellite supports and RTS downtime requirements

o List of unscheduled satellite supports

Schedule for data set 5

Note: The day was divided into one minute increments. The Strt Tme and
Req Len columns are represented in minutes. For example, the start time of 1410 is

equivelent to 2330. The request length of 90 is equivalent to one hour thirty minutes.

Sup No. Ident GTS Strt Tme (hhmm) Sup Len (hhmm) TAT
Sup IROW RTS Strt Tme Req Len TAT
101 6553 POGO-A 102 14 15
888 DOWN POGO-A 116 94 0

79 4774 POGO-~A 225 11 12
81 4774 POGO-A ) 324 12 15
20 1056 POGO-A 399 16 20
888 DOWN POGO-A 415 €5 : 0
23 1056 POGO-A 500 16 20
107 6553 POGO-A 588 14 15
504 7225 POGO-A 626 70 15
142 9757 POGO-A 719 16 20
90 4774 POGO-A 812 14 20
91 4774 POGO-A 908 14 16
888 DOWN POGO-A 930 ' 70 ) 0
439 7506 POGO-A 1016 10 15
312 2272 POGO-A 1042 15 15
115 6553 POGO-A 1086 13 20
152 9757 POGO-A 1119 13 15
46 1748 POGO-A 1222 : 12 17

' 440 7506 POGOD-A 1250 10 18
116 6553 POGO-A : 1282 14 15
157 9757 POGO-A 1317 16 15
888 DOWN POGO-A 1333 60 0

G-1




48

306
130
888
133
402
18
313
98
83
389
314
138
888
86
451
54
888
111
122
113
149
93
45
- 154
422
34
99
412

888
40
62

316
63

84

66
301
84
67
83
120
888
474
55
121
69
56

————

1748

1864
9757
DOWN
9757
6738
1056
2524
5821
4774
6392
2567
9757
DOWN
4774
8639
2532
DOWN
6553
6790
6553
9757
4774
1748
97587
7304
1056
5821
7228

DOWN
2532
3187
3028
3187

286
3187

286
3187

470
4774
3187
2532
6790
DOWN
9521
2532
6790
3187
2532

POGO-A

POGO-B
POGO-B
POGO-B
POGO-B
POGO-B
POGO-B
POGO-B
POGO-B
POGO-B
POGO-B
POGO-B
POGO-B
POGO-B
POGO-B
POGO-B
POGO-B
POGO-B
POGO-B
POGO-B
POGO-B
POGO-B
POGO-B
POGO-B
POGO-B
POGO-B
POGO-B
POGO-B
POGG~B

P0OGO-C
POGO-C
POGO-C
P0GO-C
POGO--C
POGO-C
POGO-C
POGO~C
POGO-C
POGC~C
POGO-C
POGO-C
POGO-C
POGO-C
POGO-C
POGO-C
POGO-C
POGG-C
POGO-C
POGO-C

1413

20
107
120
210
268
298
347
382
422
452

478 -

517
633
617
648
682
710
888
924
988
1020

1101

1126
1218
1248
1312
1353
1383

70
163
186
254
208
354
401
454
487
520
555
581
620
636
729
782
822
863
882

o

14

10
17
75
16
15
16
15

14
10
15
16
64
15
15
14
150
11
14
11
13
15

11

14
45
13
14
50

50
16
17
15
16
12
16
13
17
15
14
17
12
16
77
15
15
15
13
16

20 -

20
20

15
15
15
15
20
20
is
15
20

20
16
15

20
15
15
15
15

10

20
15
16

20

18

15
15
15
15
16
15
15
15
15
15

18

186

15
15
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405

491
410
‘10
409
73
11
123
59
12
60
13

888
380
484

435
481

39
466
8§88
436
429

71
888

72
414

494

495
427

456
381

437
134
51
367
B2
888
454
475
501
888
92
70
160
411
68

7225
256
7506
7225
286
7225
3187
286
6790
2532
286
2832
286

DOWN
6071
6012

286
7506
9794
1132
9443
DOWN
7506
7310
3187
DOwX
3187
7225
7304
6142
7310

9363
6071

286
75086
9787
2532
5953
2532
DOWN
8896
9783
6542
bowx
4774
3187
9757
7225

2632

POGO-C
POGO-C
P0GO-C
POGO-C
POGO-C
POGO-C
POGO-C
POGO-C
PQOGO-C
POGO-C
POGO-C
POGO-C
POGO-C

HULA-A

HULA-A

HULA-A

HULA-A~

HULA-A
HULA-A
HULA-A
HULA-A
HULA-A
HULA-A
HULA-A
HULA-A
HULA-A
HULA-A
HULA-A
HULA-A
HULA-A
HULA-A

HULA-B
HULA-B
HULA 7
HULA-B
HULA-B
HULA-B
HULA-B
HULA-B
HULA-B
HULA-B
HULA-B
HULA-B
HULA-B
HULA-B
HULA-B
HULA-B
HULA-B
HULA-B

914
1007
1039
1070
1107
1140
1174
1208
1234
1279
1310
1379
1413

106

15§
27

306
359
40?
439
47

5
82

948
963

104¢
107
122

1303
141

3¢
102
174
289
293
359
389
457
473

. 601

660
696
831
927
948
1037
1069
1200

G-3

15
16
15
15
17
10
13
17
12
16
16
16
15

90
30
95
15
15
15
15
25
70
250
20
18
65
15
130

- 15

95
20

56
30
16
10
16
14
20
16
93
40
15
110
76
14
15
16
65
18

15
15
15
15
15
15
15
15

15
15
16

15
15
16
15
15
20
15

15
15
20

o

15
16
16
15

15
15
20
15
20
20
15
20

16
15
20

20
20

i85
20




888

35
470
37

100
888
485

38
888
407
415
888
145
393

417

57
450
888
441
446
391
378

A

464
430
461
888

43
318
404

44
507
420
399
888
147
323
396
433
888

32
443
119
307

343
78

DOWN
1056
9445
1056

6553

‘DOWN

6012
1132
DOWN
7225
7304
DOWR
9757
6451

286
7304
2532
R275
DOWN
7506
7837
6394
6012

4774
9442
7314
9434
DOWN
1748
2941
7225

1748
7225 .

7304
6453
DOWN
9757
ar26
6451
7314
DOWN
1056
7506
6553
1920

4845
4774

888 DOWN

HULA-B
HULA-B
HULA-B
HULA-B

COOK~-A
COOK-A
COOK-A
COOK-A
COOK-A
COOK-A
C.IK-A
COOK-A
COOK-A
COOK-A
COOK~-A
COOK-A
COCK-A
COOK-A
COOK-A
COOK-A
COOK-A
COOK-~A
COOK-A

COOK-B
COCK-B
COCK-B
COOK-B
COCK-B
COOK-B
COOK-B
COCK-B
COOK-B8

CO0X-B

COOK-B

COOK-B -

COOK-B
COCK-B
COOK-B
COOK-B
CCOK-B
COOK-~B
COOK-B
C00X-B
CO0X-B
COOK-B

INDI-A

INDI-A
IKDI-A

.

1215
1328
1358
1425

17
52
137
315

. 329

405
718
734
832
870
921
949
996
1026
1049
1154
1289
1340
1400

11
41
121
152
240
327
361
393
427
463
748
780
799
933
1023
1062
1120
1141
1223
12585
1392
1422

15

~
L

66

G-4

93
12
10
15

15
69
130
14
60
260
16
66
15
30
12
10
14
15
71
120
35
‘30
35

14
64
15
30
67
16
16
10
10

- 260

10
10
110
15
23
30
20
67
16
110
14
15

1C
14
50

20
15

~
&

15

15
20

15
15

20
15

20

15
15
15

15
15
15
15

20
15
15
15

20
15
15
20
15
15
16

20
20
16
15

15
186
15
18

15
20



131
322
472
387
455
408
452
418
478
421
508
489
888

33
319
338
487
444
303
395
371
333

17
888

19
350
105

85
888
106
141
372
310
388
334
486

27
888
328
460
493
127
888

390
463

42
337
888
384

$757
3726
9446
6391
8896
7225
8701
7304
7506
7304
7225
3085
DOWN
1056
3160
4524
3726

7641 .
712
6451
6012
4035
1056
DOWN
1056
5037
6553
4774
DOWX
6553
9757
6012
2124
6391
4035
9363
1056
DOWN
3726
93€6
7304
7050
DOWN

6392
9441
1748
4524
JOWN
6280

INDI-A
INDI-A
INDI-A
INDI-A
INDI-A
INDI-A
INDI-A
INDI-A
INDI-A
INDI-A

"INDI-A

INDI-A
INDI-A
INDI-A
INDI-A
INDI-A
INDI-A

© BOSS-A

BOSS-A
BOSS-A
BOSS-A
BOSS-4
BOSS-A
BOSS-A
BOSS-A
BOSS-A
BOSS-4
BOSS-A
BOSS-A
BOSS-A
BOSS-A
BOSS-A
BOSS-A
BOSS-A
BOSS-A
BOSS-A
BOSS-A
BOSS-A
BOSS-A
BOSS-A
BOSS-A
BOSS-A
BOSS-A

BOSS-B
BOSS-B
BOSS-B
BOSS-B
BOSS-B
BOSS-B

138
222
255
330
376
475
500
578
664
698
879
860
1120
1282
1320
1356
1387

15

75
121
147
223
290
304
389
413
481
529
545
580
628
679
725
790
863
889
920
931

1021
1292
1318
1358
1372

16
51
135
166
200
286

14
22
35

30

45
10
52
70
15
165
60
.85
142
16
20
15
50

4

30
10
71
30
14
65
17
15
14
16
63
11
15
35
20
10
10
10
11
69
255
10

20

14
68

30
10
185
30
70
10

20
20
10
15
15
15
15
15
15
15
15
15

15
15
15
15

15
15
15

15

20

20

20
15

20
20
i5
10
15

18
20

20
185
15
20

15
15
20
15

15

4




476
888

65
302

888

374

29
888
30
394
95
459
375
74

" 156

428

78
349
332

354
888
311
103
505
385
345
139
888
360

25
126

89
377
112
468
364
373
888
365
383

473
309

14
344
329
102

80

9794
DOWN
3187

286

470

286
DOWN
6012
1056
DOWN
1056
6451
4774
9366
6012
3187
9757
7310
3187
5037
4035

5329
DOWN
2124
6553
7225

6280

4955
97587
DOwY
5775
1056
7050
4774

6012

6553

9444

6778
6012
DOWN
§775
6280

9446
2124
1056
4845
4035
6553
4774

BCSS-B

' BOSS-B

BOSS-B
BOSS-B
BOSS-B

BOSS-B

BOSS-B
BOSS-B
‘BOSS-B
BOSS-B
BOSS-B
BOSS-B
BOSS-B
BOSS-B
BOSS-B
B0OSS-B

' B0SS-B
BOSS-B
ROSS-B

' BCSS-B

BOSS-B

LION-A
LION-A
LION-A
LION-A
LIOR-A
LION-A
LION-A
LION-A
LION-A
LION-A
LION-A
LION-A
LION-A

“LION-A

LION-A
LION-A
LION-A
LION-A
LION-A
LIOR-A
LION-A

LION-B
LION-B
LION-B
LION-B
LION-B
LION-B
LICN-B

315

350
455
514
542
613
640
711
1019
1046
1121
1151
1191
1221
1247
1288
1311
1555
1386
1410
1426

15
55
216
287 .
316
439
500

- 527

537
. 616
715
756
805

830

897

975
1000
1096
1202
1320
1376

10
46
89
122
168
188
233

G-6

30
90

12
45
17
55

240

17
85
14
15
14

10

10
10

. 10

10
17
10
10

20
150
20
13
75
30
10
10
63
20
16
15

25

13 .

10
80
70
80
40
64

25
20
17
30
10
15
14

15

20
i85
15
15

15
.20

20
16
16
15
16
15
13
15
15

15

10
15
16
15
15
15

15
20
“20
16
i5
15

16 .

~ 18
15

15
15

10
10
20
15

. 20
20




888
135
359
327
136
416
362

24
888
353

26
376
114
148
331
330
151
339
153
888

98

36

888
367
203

16
503
104
386

82
888
137
335
397
140
888
368

28
492
b08
888
185
160
158
499

3is8
469
479
888

DOWN
9757
5775
4035
9757
7304
5775
1056
DOWN
5329
1056
6012
6553
9757
4035
4035
9757
4524
9787
DOWN
5821
1056

DOvN
5681
6738
1056
6738
6553
6374
4774
DOWN
9757
4373
6453
9757
DOWN
5953
1066
7225
7225
DOWN
9757
9845
9757
6012

3160
9445
7225
DOWN

LION-B
LION-B
LION-B
LION-B
LION-B
LION-B
LION-B
LION-B
LION-B
LIOK-B
LION-B
LION-B
LION-B
LION-B
LION-B
LION-B
LION-B
LION-B
LION-B
LION-B
LION-B
LIOK-B

GUAM-A

GUAM-A
GUAM-A
GUAM-A
GUAM-A
GUAM-A
GUAM-A
GUAM-A
GUAM-A
GUAM-A
GUAM-A
GUAM-A
GUAM-A
GUAM-A
GUAM-A
GUAM-A
GUAM-A
GUAM-A
GUAM-A
GUAM-A
GUAM-A
GUAM-A
GUAM-A

GUAM-B
GUAM-B
GUAM-B
GUAM-B

247
323
354
380
424
494
555
615
626
732
816
847
994
1011
1027
1043
1108
1140
1210
1225
1346
1401

106
157
223
254
319
363
397
412
494
524
555
594
610
880
987
1016
1047
1111
1241
1284
1344
1371

15

51.

97
211

61
15
20
10
16
45
40
11
90
50
15
130
15
10
10
10
16
30
15
100
11

12

90
35
45
15
45
13
15
15

67
14
15

4
-

15
90
20
13
15
60
‘110
16
14
11
25

20
30
100
89

G-7

"N N

20
16
15

20
16

15
15
20
15
15
15
15

15
15
15
15

15
15
15
15

20
20
20
15

15
15
15




502
370
317
358
320
480
392
88
398
369
465
490
888

94
488
366

888
129
445
382
448
449

22
305
88
109

40
447
321
438
308
888
453
336

348

413
117
888

96
304

128
434
132
888
124
125
426

21
888

6738
5953
3055
5681
3160
7225
6394
DOWN
6453
5953
9443
3726
DOWN
1774
3726
5775

DOWN
9757
7837
6142
8275
8275
1056

712
DOWN
6553
1132
7837
3310
7506
2124
DOWN
8896
4373
5037
7225
6553
DOWN
4774

712

9757
7506
9757
DOWN
7050
7050
7310
1056
DOWN

GUAM-B
GUAM-B
GUAM-B
GUAM-B
GUAM-B
GUAM-B
GUAM-B
G AM-B

GUAM-B

GUAM-B
GUAM-B
GUAN-B
GUAM-B
GUAM-B

- GUAM-B

GUAM-B

PIKE-A
PIKE-A
PIKE-A
PIKE-A
PIKE-A
PIKE-A
PIKE-A
PIKE-A
PIKE-A
PIKE-A
PIKE-A
PIKE-A
PIKE-A
PIKE-A
PIKE-A
PIKE-A
PIKE-A
PIKE-A
PIKE-A
PIKE-A
PIKE-A
PIKE-A
PIKE-A
PIKE-A

REEF-A
REEF-A
REEF-A
REEF-A
REEF-A
REEF-A
REEF-A
REEF-A
REEF-A

316
447
489
550
600
636
667
720
826
880
916
960
1020
1125

1156

1412

96
134
185
340
386
489
521
560
676
732
782
828
889
920

' 950

1029
1085
1137
1168
1294
1308
1385
1415

40

86
138
154
246
348
403
430
470

115

20

45
15
20
15
10
90
10

© 20

2%
40
90
15

240 -

20

“70 -

16
35

82

30
30
16
30
96
13
15
30
45
20
20
50
40
45

10

65
11
60
14
15

11
34
16
76
14
12
10
15
70

15
18
15
18
15
15
15

15
15
15
15

15
15
15

16
18
15
15
15
15
15

20
20
15
15
15
10

15
15

15
20

15

20
15
15

16
20
15
15




351
108

87
110
425
143
888
146
341
352
361
477

31
458
4714
118
356

97

6329
6553
4774

6553

7310
9757
DOWN
9757
4845
5329
8775
9794
1056
9365
9446
6553
5329
4774

- REEF-A

REEF-A
REEF-A
REEF-A
REEF-A
REEF-A
REEF-A
REEF-A
REEF-A
REEF-A
REEF-A
REEF-4
REEF-A

- REEF-A

REEF-A
REEF-A

REEF-A

REEF-A

Unscheduled Supports

Low Altitude Satellite Supports
1132

2532

The following supports could not be scheduled.

3187(2)

9757(2) -

4774

556
619
686
717
‘744
789
805
891
982

1028

1109
1145
1181
1213
1282
1350
1381
1425

Medium/High Altitude Satellite Supports

7301
7506
5037
3726
1920
9364

;-9

20
14
14
11
20

16

71
14
30
20
20
15
16
58
50

- 15

20
14

15
15
15
15
15
20

15
15
15
15
15
20
15
10
15
15
20




e

5037
7314
7314
6071
6542
6542
7304
7304
7225
7225
5329
6012
7304
8775
7225

9444

3055
9434
4035
4832
7310
4845

G-10




Appendiz H. Schedule for Sizth Data Set
OQverview ' B

This appendix contains the following information.

o Schedule of Satellite supports and RTS downtime requirements

o List of unscheduled satellite supports

Schedule for data set 6

Note: The day was divided into one minute increments. The Strt Tme and
Req Len columns are represented in minutes. For example, the start time of 1410 is

equivelent to 2330. The request length of 90 is equive

Sup IRON RTS Strt Tme Req Len TAT
390 6392 POGOD-A 15 30 15
888 DOWN POGO-A 190 ‘ 115 0
131 9757 POGD-A 325 16 20
445 7837 POGO-A 357 35 15
313 2524 POGO-A 408 15 15
301 470 POGO-A 487 16 ‘ " 18

20 1056 POGD-A 521 16 15 ,

- 455 8896 POGO-A . 553 45 . .. AB .

22 1056 POGO-A 623 16 20
425 7310 POGO-A 655 20 15

504 7225 POGO-A 691 70 15

88 4774 POGO-A 787 14 18

26 1056 POGO-A 827 16 20

90 4774 POGD-A 884 14 15

29 1056 POGO-A 929 16 15

888 DOWN PGGO-A 1021 92 0

147 9757 POGO-A 1133 12 15

443 7506 POGD-A 1161 110 15

375 6012 POGO-A 1287 10 15

888 DOWN POGO-A 1310 90 0

54 1748 . POGD-A 1420 15 20

41 1132 POGO-B 3 6 . 20

838 DOWN POGO-B 26 176 0

358 5681 POGO-B 218 15 15

H-1

- . ; ;N LT . s




435
508
17
102
52
888
420
86
401
377
438
501
144
491
410
33
888
36
151
509

357
402
116
888

389
69

59

60
888

61

109
62

117

417
73

€4
74

65
75
10
66

12

7506
7225
1056
6553
1748
DOWN
7304

4774

6542
6012
7506
6542
787
7506
7225
1056
DOWN
1056

9757

7225

5681
6738
6790
DGWN

286
6392
3187

286
2532

286
2532
DOWK
2532
6553
2532

286
6790

286
7304
3187

286
2532
3187

286
2532
3187

286
2532

1056

POGO-B
POGO-B
POGO-B
POGO-B
POGO-B
POGO-B
POGO-B
POGO-B
POGO-B
POGO-B
POGN-B
POGO-B
POGO-B
POGO-B
POGO-B
POGO-B
POGO~B
POGO-B
POGO~-B
POGO-B

POGO-C
POGO-C
POGO-C
POGO-C
POGO-C
POGO~C
POGO-C
POGO-C
POGO-C
POGO-C
POGO-C
POGO-C
POGO-C
PQGO-C
POGO-C
POGO-C
POGO-C
POGO-C
P0GO-C
POGO-C
P0OGO-C
POGO-C
POGO-C
POGO-C
POGO-C
POGO-C
POGO-C
POGO-C

HULA-A

278
326
419
460
551
556
659
690
800
826
867
908

1034

1062

1093

1132

1147

1232

1331

1362

119
268

308

322
453
483
512
554
607
656
707
721
808
858
207
958
1015
1058
1091
1131
1159
1205
1233
1260
1304

1334

1362

1404

40

H-2

15

60
16
15

85
10
15
10
25
20
110
12
15
15
15
70
14
15
60

35.

15
16
116
14
10
17
16
12
16
14
66
15
10
16
16
12
17
10
12
16
16
14
15
16
16
16
16

14

15
15
15
15
20

15

20

20
15
15
20
16
15
16
20

20
20
15

15
15

20

18
15
15
18
16
15
15

16
15
18
20
15
15
16
15
15
15
12

12
14

20




£88

367
481
133
466

- 431

24
888
393

- 465

396
145

46
413
498
412
888

469
430
485
130
888

57

58
121
453
107
386
888

71

76

72
414
888
494
495
427

379
463
888
129
312

42

51
448
404
314

19

DOWN

286
5953
9794
9757
9443
7314
1056
DOWN
6451
9443
6451
9757
1132
7225
6012
7225
DOWN

9445
7314
6012
9757
DOWN
2532
2532
7050
8896
6553
6374
DOWN
3187
3726
3187
7225
DowX
7304
6142
7310

6071
9441
DOWN
9757

2272

1132
1748
8276
7225
2567
1066

BULA-A
HULA-A

HULA-A -

HULA-A
HULA-A

"~ HULA-A

HULA-A
HULA~A
HULA-A
HULA-A
HULA-A
HULA-A

HULA-A .

BULA-A
HULA-A
HULA-A
HULA-A
BULA-A

HULA-B
HULA-B
HULA-B
HULA-B
HULA-B
HULA-B
HULA-B
HULA-B
BULA-B
HULA-B
HULA-B
RULA-B
BULA-B
HULA-B
HULA-B

HULA-B |

BULA-B

"HULA-B

HULA-3
HULA-B

COOK-A
COOK-4
COOK-A
COOK-A
COO0X-A
COOK-A
COOK-A
COOK~A
COOK-A
COOK-4
COOK-A

54
225
320
359

408 -

439
567
706
733
870
916
1000
1050
1101
1132
1213

1322 -

1376

16
80
i11
307
320
383
482
570
601
747
766
800
907
947
1005

~ 1038

1171
1267
1303
1414

20

50

71
209
242
282
334
367
413
439
509

151

16
20
15
15
25
30

. 16

71
30
25
30
17
15
65
75
50
64

30
15
130
15
43
15
15
13
40

15
87
13
10
17
130
80
18
95
20

10
10
118
17
185
15
17
30
10
15
14

20
15
15
18
15
15
20

15
15
15
20
20
15
16
15

18
15
18
18

20
20
20
15
15
15

20
20
20
15

15

15

15

15
15

20
15
20
20
15
18
15
20




397
480
369
400
416
398
405
888
142
' 323
411
422
888

380
381
395

50
479
407
888
421

45
432
409
433
440

37
446

39
115
888

77
464
337
344
333
888
385

97
355
362

21
478
106
302
108
155
376
143

6453
7225
5953
6542
7304
6453
7225
DOWN
9757
3726
7225
7304

DOWN

6071
6071
6451
1748
7225
7225
DOWN

7304 .

1132
7314
7225
7314
7506
1056
7837
10566
6553
DOWN

4774
9442
4524
4845
4035
DOWN
6280
5821
5329
5775
1086
7506
6553

470
6553
9845
6012
9757

COOK~-A
COOK-A
COOK-A
COOK-A
COOK-A
COOK-A
COOK-A
COOK-A
COOK-A
COOK-A
COOK-A
COCK-A
COOK-A

COOK-B
COOK-B
COOK-B

COOK-B

COOK-B
COCK-B
COOK-B
COOK-B
COOK-B
COOK-~B
CO0K-B

" COOK-B

COOK-B
COOK-B
COOK-B
COOK-B
COOK-B
COOK-B

INDI-A
INDI-A
INDI-A
INDI-A
INDI-A
INDI-A
INDI-A
INDI-A
INDI-A
INDI-A
INDI-A
INDI-A
INDI-A
INDI-A
INDI-A
INDI-A
INDI-A
IKDI-A

539
580
610
651
718
780
823
858
946
1023
1062

1208 -

1320

15
61
107
239
270
393
726
817
1002
1028
1089
1120
1156
1244
1289
1346
1364
1375

27
57
137
183
223
254
360
417
445
490
650
582
687
716
784
825
857
1007

15
16
20
10
45
10

15

68
16
23
65
a5
120

30
30
10
15
100
260
75
165
10
30
10
2
10
16
35
13
11
65

14
64
30
30
30
62
30
12
20
40
16
15
13
45
12
16
130
12

H-4

15
15
15
20
15
15
15

20
20
15
16

15

16
1§
20
15
15

15
20
15
15
15
15
15
15
15

L4]

15
15
15
15

15
20
15
15
20
15
20
15
20
20
15
15



15
888
16
101
68
477
415
70
507
486
30
439
32

1056
DOWN
1056
6553
3187
9794
7304
3187
7225
9363
1056
7506
1056

BOSS-B 310
BOSS-B 324
BOSS-B 410
BOSS-B 452
BOssS-B 507 .
BOSS-B B35
BOSS-B 566
BOSS-B 604
BOSS-B 637
BOSS-B 913
BOsSS-B 940
BOSS-B 1005
BOSS-B 1040

H-5

14
66
16
14
12
15
15
17
260
10
11
10
16

20

20
20
15
15
15
18
15
15
15
15
20




305
122
447
124
110
888
111
341
441
339
148
888

B3

47
332

40

888
78
100
79
132
81
134
426
351
136
360
328
23
o8
25

712
7050
7837
7050
6553
DOWN
6553
4845
7506
4524
9757
DOWN
1748
1132
4035
1056

DOWN
4774
6553
4774
9757
4774
9757
7310
5329
9757
57756
4035
1056
6821
1056

LION-A
LION-A
LION-A
LION-A
LION-A
LION-A
LION-A
LION-A
LION-A
LION-A
LION-A

'LION-A

LION-A
LION-A
LION-A
LION-A

LION-B
LION-B
LION-B
LION-B
LION-B
LION-B
LION-B
LION-B
LION-B
LION-B
LION-B
LION-B
LION-B
LION-B
LION-B

680
737
772
836
868

880

965

996
1042
1178
1223
1239
1314
1369
1390
1422

209
257
306

336

404
437
469
500
540
570
596
635
693
735

H-6

30
12
30
15
12

- 60
15
30
120
30
16
55
16
15
10
11

180
13
14
14
15
10
16
10
20
11
20
10
11
13

16

15

15
20

is .

15
15
15
16
13

20
20

17

20
20
15
18
14
15
15
1§
16
15

18
20
15




S~

3583
27
89

888
91

331

450

112

146
510
460
365
383

55
391
13
888
14
474
80
135
452
137
43

- 392

123
888

28

31
488
118
319
888

318
363
502
888
370
317
436
429
490
888
361
458
149
888
152
378

5329
1056
4774
DOWN
4774
4035
8275
6553
9757
7225
9366
§775
6280

2532
6394
1056
DOWN

1056

9521
4774
9757
8701
9757
1132
6394
7050
DOWN
1056
1056
3726
6790
3160
DOWN

3160
67785
6738
DOWN
65953
3055
7506
7310
3726
DOWN
5775
9365
9757
DOWN
9757
6012

LION-B
LION-B
LION-B
LION-B
LION-B
LION-B
LION-B
LION-3
LION-B
LION-B
LION-B
LION-B
LION-B

GUAM-A
GUAM-A
GUAM-A
GUAM-A
GUAN-A
GUAN-A
GUAM-A
GUAM-A
GUAM-A
GUAN-A
GUAM-A
GUAM-A
GUAN-A
GUAK-A
GUAN-A
GUAN-A
GUAN-A
GUAN-A
GUAN-A
GUAN-A

GUAN-B
GUAM-B
GUAM-B
GUANM-B
GUAM-B
GUAM-B
GUAM-B
GUAN-B
GUAM-B
GUAM-B
GUAM-B
GUAM-B
GUAM-B
GUAM-B
GUAM-B
GUAN-B

767
837
875
888
971
991
1020
1063
1122
1153
1290
1320
1376

20
49
143
166
243
341
373
807
537
607
669
700
766
802
905
1007
1037
1300
1329
1372

15
3
118
316
423
489
550
827
960
1020
1110
1176
1254
1270
1387
1386

o T

H-7

g
7

50

15

13
63
14
10
15
12
15
85
10
40

13

30
13
67
16
15
14
14
52
16
15
- 10

© 15

83
16
14

240

13
20
68

20
20
115
91
20
45
250
20
40
60
20
58

67
13
35

15
15
15
18

15

20

20
15
18
15~
185

20
15
20

20
15
15

20
15
15
20
iR
20

20
15
15
20
16

15
15
15

15
15
15
15
15

15
15
20

20
15




306
888
127
120
315
316
505
as7
103
424

84
105
888

87
372
310
308
141
368
309
888
348

34
459
125

93

94
ag7

343
473
434
128
454

322
359

18
888
104
320

85
335
451
140

44
382
8838
364

35
403

1864
DOWN
9757
7050
2941
3028
7225
9364
6553
7310
4774
6553
DOWN
4774
6012
2124

2124
9757

5953
2124
DOWN
5037
1056
9366
7050
4774
4774
1920

4845
9446
7506
9757
8896
3726
5775
1056
DOWN
6553
3160
4774
4373
8639
9757
1132
6142
DOWN
5775
1056
6738

PIKE-A
PIKE-A
PIKE-A
PIKE-A

. PIKE-A

PIKE-A
PIKE-A
PIKE-A
PIKE-A
PIKE-A
PIKE-A
PIKE-A
PIKE-A
PIKE-A
PIKE-A
PIKE-A
PIKE-A
PIKE-A
PIKE-A
PIKE-A
PIKE-A
PIKE-A
PIKE-A

PIKE-A

PIKE-A
PIKE-A
PIKE-A
PIKE-A

REEF-A
REEF-A
REEF-A
REEF-A
REEF-A
REEF-A
REEF-A
REEF-A
REEF-A
REEF-A
REEF-A
REEF-A
REEF-A
REEF-A
REEF-A
REEF-A
REEF-A
REEF-A
REEF-A
REEF-A
REEF-A

20

30
110
167
234
265
348
462

550

§78
605
646
659
701
732
778
809
844
880
915
1000
1118

1142

1176
1225
1266
1360
1391

15
36
86
161
202
263
310
451
481
591
618
661
731
762
803
859
888
975
1058
1201
1262

H-8

10
60
16
15
15
15
75
57
12
10
12
14
29
15
35
20
20
16

20 -

- 20

111
10
15
10
15
10
186
35

10
25
34
16
40
22
20
14
76
11
20
16
15
15
15
13
82
67
80
16
45

20

20
20
18
18
18
18

- 20

18
15
15

15
15

.10

10
18
15
10,

12
15

.20

20
15
16

15
10
15
20
18
20
15
15

18
15
16
15
15
20
19
15

15
20
15



114 6553 REEF-A 1322 12 15
366 5775 . REEF-A 1350 20 15
470 9445 REEF~A 1386 10 15

888 DOWN REEF-A 1396 44 0 o

Unscheduled Supporls»
The following supports could not be scheduled.

Low Altitude Satellite Supports

5821(2)

3187

9757 | | , T
6790 | | 3

Medium/High Altitude Satellite Supports

7304

3055

3726 |

3726 . o
6012 o
5037

5037 |

5037 ,
7304 |

7304
7225
7225
7225
7304
6153

Pt '
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